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IN  THE  PLATES. 


Nos.  2,  3,  and  4.  The  two  greens  ought  to  haye  been  shaded  into  each  other 
as  mentioned  at  page  384. 

No.  2,  The  small  red  patches  should  have  been  of  the  same  tint  as  the  larger 
ones : — and  the  red  colour,  at  Duporth,  near  St,  Austle^  ought  to  hare  been 
brown,  denoting  a  magnesian  rock. 
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I. — Some  general  Observations  on  the  Structure  and 
Composition  of  the  Cornish  Peninsula. 

By  JOHN  HAWKINS,  Esq.  F.R.S.,  &c. 

VICE  PRESIDENT  OF  THE  SOCIETY. 

(Read  October,  1828.) 


AVhbn  a  traveller  is  exploring  his  way  through  a 
new  country,  and  has  advanced  to  some  distance 
from  the  point  of  his  departure^  he  will  naturally 
mount  the  first  eminence  within  his  reach,  that  may 
enahle  him  to  take  a  view  of  the  unknown  region 
which  lies  before  him. 

This,  gentlemen,  is  precisely  the  situation  in 
which  we  are  now  standing ;  and  I  propose  to  make 
the  same  use  of  it.  We  have  entered  upon  the 
examination  of  a  country,  which,  however  familiar 
it  might  have  been  to  our  notice,  was  very  imper- 
fectly known  to  us ;  and,  as  some  progress  has  now 
been  made  in  our  labours,  it  is  time  for  us  to  survey 
the  -ground  which  we  have  still  to  pass  oven 
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If;  in  the  enlarged  view  which  I  prapostf  to  taker 
of 'tius  subject,  the  difBculties  which  we  have  to 
eocounter,  should  rather  exceed  the  estimate  which 
has  been  forlned  df  them ;  I  trust  that  they  wilf 
neither  abate  our  zeal  nor  weaken  omr  perseverance  i 
for  with  truth  it  may  be  affirmed,  that  although  these 
difficulties  seem  to  multiply  as  we  advance^  yet 
the  habit  of  observation  which  has  been  acquired^ 
together  with  the  familiar  acquaintance  which  we 
have  now  formed  with  the  principal  phenomena^ 
have  rendered  them  less  formidable. 

Our  progress,  indeed,  has  been  rather  irregulafr 
and  perhaps  the  hasty  view  which  has  been  taken  of 
some  very  unsettled  points  of  inquiry,  may  require 
revision:  yet  all  this  may  be  very  satisfactorily 
effected  by  the  very  authors  of  these  communica^ 

tions ;  or  at  least  by  those  who  may  possess  more 
leisure,  and  better  opportunities  for  observation  v 
for  it  is  one  of  the  advantages  which'  we  derive 
from  the  very  nature  of  our  scientific  union,  that 
the  errors  or  omissions  o(  one  observer  may  be  cot-^ 
rected  and  supplied  by  the  labours  of  another^ 
Nor  is  the  credit  which  is  due  to  the  first  observer^ 
materially  lessened  by  such  correction ;  the  love  of 
truth  being  presumed  to  have  had  an  equal  influence 
over  both  parties.  It  is  hardly  necessary  for  me  to 
remind  you,  that  in  all  these  cases,^  a  due  regard 
ought  to  be  had  to  the  feelings  of  our  predecessors, 
or  to  what  may  be  called,  the  courtesy  of  literary 
Intercourse;  of  which  I  think  the  French  oflfer^ 
upon  the  whole,  the  most  commendable  examj^eti 
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While  I  fed  ;wxiou9  that  the  objects  of  our  com- 
bined investigaiion  should  be  chiefly  attained  by 
the  exertions  of  native  geologists,  for  they  ajon.e 
have  the  means  of  revising  their  laibours,  I  cannot 
hdp  observing  that  our  success  will  very  greatly 
dc^pend  upon  U]be  aocuracy  of  our  coACseptipn  of  new 
fiurts,  and  on  the  full,  clear,  apd  candid  ^nanner  in 
which  they  are  repoirted.  It  will  depend  too  upon 
the  scientific  precision  which  we  Qiay  Ripply  to  the 
nonenclature  both  of  rocks  and  of  simple  minerals : 
much  of  the  confusion  An^  uncertwnty,  which  still 
prevails  in  geognositical  inquiries,  baying  arisen  froia 
a  neglect  of  this  precept. 

Having  taken  the  Jjibenty  of  ohnerving  bow  much 
opr  progress  and  success  is  connected  with  our 
aeurate  conception  of  £Eicts,  ^  well  as  with  their 
fuUj  clear,  and  candid  exjHositiQn ;  I  o^ght  to  add, 
that  the  power  of  accoippli^hing  this,  will  again 
depend  upon  the  freedom  which  sh^U  characterize 
our  spirit  of  inquiry,  qr  in  oi;her  wo]:ds,  on  the  re- 
fitraint  which  we  are  ^hle  to  impose  on  our  natural 
bias  to  hypothesis. 

To  avoid  all  conjecture  on  the  origin  of  what  we 
see,  and  all  anticipation  of  facts  which  may  have 
a  tendency  to  support  it,  is  I  believe  impossible ; 
nor  were  it  possible,  would  it  be  fidviseable ;  for  it 
is  JKO  other  than  that  exercise  of  the  mind,  which 
leads  us  to  the  greatest  discoveries  of  ^be  laws  of 
nature.  More  often  ^however,  it  leads  us  tP  fake 
condusiqns;  for  as  our  imagination  is  allpwed  to 
supply  an  the  links  which  are  wanting  in  the  <;hain 
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of  our  inductive  evidence,  and  to  mould  every  fact 
to  its  own  form ;  the  result  is  an  hypothesis,  which 
dazzling  for  a  time,  maintains  its  ground  only  until 
another  is  started. 

It  is  some  consolation  to  those  who  have  the 
interests  of  science  more  at  heart,  than  the  gratifi* 
cation  of  their  vanity,  that  the  seductive  influence 
of  this  disposition  to  hypothesis,  diminishes  as  we 
advance  in  the  study  of  nature.  We  are  now  arrived, 
I  believe,  at  this  stage  of  our  progression ;  and  I 
perceive  with  pleasure,  the  liberal  and  ingenuous 
spirit  of  inquiry  which  distinguishes  the  volumes 
of  our  Transactions. 

Had  the  structure  of  Cornwall  borne  a  close 
analogy  to  that  of  any  other  country  which  has  been 
properly  investigated  and  described,  the  task  which 
we  have  entered  upon,  would  have  been  compara- 
tively easy;  but  the  case  is  far  otherwise:  many 
of  the  phenomena  are  new :  we  have  to  record  new 
combinations  of  those  already  known ;  and  some 
of  those  which  are  either  hidden  from  observation 
in  other  countries,  or  which  it  has  been  found  very 
difficult  there  to  investigate  and  describe,  are  here 
laid  open  to  the  view  of  the  most  casual  observer. 

Already,  under  the  fostering  influence  of  our 
distinguished  President,  a  sufficient  mass  of  infor- 
mation has  been  collected  to  prove  the  great  im- 
portance of  these  objects  of  inquiry ;  but,  although 
some  credit  may  have  been  acquired  by  our  labours, 
let  us  recollect  how  much  of  this  unexplored  couu* 
try  still  lies  before  us. 


^■^ 
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The  difficulties  of  observation  are  much  too  great 
under  any  circumstances^  not  to  require  the  utmost 
vigilance  and  precaution,  to  prevent  self-delusion : 
nor  can  we  properly  estimate  the  importance  of  any 
facts  which  may  strike  our  attention^  until  the 
analogy  which  they  bear  to  others  of  the  same  class, 
shall  be  confirmed  by  repeated  examination.  It  will 
be  sufficient,  if  by  way  of  illustrating  this  remark, 
1  mention  the  stratification  of  our  granite;  a 
question  which  is  not  to  be  settled  by  one  or  two 
insulated  and  local  observations,  but  by  many  which 
are  independent  of  each  other ;  all  which  however 
must  be  combined  with  or  corrected  by  a  due  atten- 
tion to  those  circumstances  which  render  the  appear- 
ance of  stratified  divisions  of  rock  masses  so  very 
equivocal.  I  recommend  this  object  of  inquiry 
more  particularly  to  the  members  of  this  society, 
because  it  appears  to  me,  that  the  means  of  settling 
this  great  question  lie  within  our  reach. 

This,  however,  is  not  the  only  question  respect- 
ing our  granite  formation,  which  I  could  wish  to  see 
decided.  I  have  upon  a  former  occasion,  hinted  at 
some  characters  which,  if  permanent,  may  in  con- 
junction with  others,  enable  us  to  draw  a  line  of 
distinction  between  the  different  links  of  the  great 
chain  of  granite  hills,  which  runs  through  the  peninh 
sula :  and  to  the  attention  of  Cornish  Geologists  I 
farther  beg  leave  to  recommend  what  they  alone 
possess  the  means  of  accomplishing, — a  series  of 
observations  which  shall  be  made  with  a  view  to 
ascertain  the  relation  of  these  insulated  masses  of 
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granite  to  the  strata  of  clay-slate  which  ^ivelope  or 
surround  them.  We  have  already  noticed  several 
instances  of,  what  may  be  called,  the  very  close 
geognostical  affinities  of  these  two  formations* 
Some  farther  discoveries  of  this  sort  may  lead  us, 
perhaps,  to  more  important  conclusions :  in  the  mean 
while  I  must  observe  that  the  examples  of  altema* 
tion  which  have  been  already  published,  are  by  no 
means  described  with  as  much  attention  to  aU  the 
circumstances  of  their  occurrence,  as  could  be 
wished :  for  instance,  there  is  reason  to  conclude  that 
the  beds  of  granite  and  of  kiUas,  in  the  parishes  of 
Camborne  and  lUogan,  overlap  each  other  at  their 
extreme  edges;  but  it  remains  to  be  ascertained  with 
what  degree  of  regularity  this  takes  plaoe,  in  regard 
to  the  form  of  the  overlapping  masses,  their  extent, 
and  their  underlie.  Some  difficulties  will  attend 
these  inquiries,  but  they  are  not  insurmountable ; 
ai^d  among  the  numerous  individuals  who  direct  the 
operations  of  our  miners,  there  are  doubtless  some 
who  possess  all  the  zeal,  intelligence,  and  persever* 
ance  that  are  requisite.  The  experience  which  I 
have  had  of  the  practical  skill  of  this  class  of  men, 
and  of  their  natural  acuteness,  leads  me  to  expr/ss^ 
a  wish  that  every  advantage  may  be  taken  of  tixeif 
assistance. 

In  the  case  which  I  have  alluded  to,  several  modes 
of  alternation  are  conceivable,  but  much  of  the 
labour  of  inquiry  may  be  diminished  by. directiqg 
the  attention  of  our  miners  to  the  following  points, 
Po  the  protruding  masses  of  growan  become  mms 
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£rei{iient,  or  the  revetse,  in  the  deeper  levels  ?  Dd 
they  become  thicker  as  they  succeed  each  other  in 
depth  ?  Do  they  taper  away  and  diminish  in  thick-^ 
bess^  as  they  retire  from  thd  central  mass  of  growan  f 
llare  they  any  regular  underlie  ?  and  what  is  it  ? 
Has  the  central  mass  from  which  these  masses  of 
growan  are  protrudedy  any  regutar  line  of  descent 
beneath  the  killas  ?  and  does  this  line  conform  to 
that  of  the  surface  of  the  hill  above  it  ?  Lastly^ 
what  are  the  relative  appearances  of  the  growan^ 
And  of  the  killas^  at  the  point  of  contact  ? 

I  shall  proceed  to  ofier  a  few  remarks  on  the  sub- 
ject of  what  are  called  our  granite  lodes. 

It  is  well  known  that  these  are  not  peculiar  to  the 
granite-formation  of  Cornwall ;  they  have  been  long 
noticed  in  Saxony^  Bohemia,  and  other  countries  ;' 
and  they  have  been  described,  although  imperfectly^ 
ly  Charpentier  and  other  writers :  but  I  believe  that 
no  particular  theory  has  been  offered  in  explanation 
of  their  origin,  nor  indeed  have  they  been  observed 
with  sufficient  attention  to  justify  such  an  attempts 
As  far,  however,  as  any  progress  has  been  made  in 
our  acquaintance  with  these  remarkable  deposits,  i% 
must  be  acknowledged  that  the  term  lode,  although 
convenient/  is  not  strictly  applicable  to  the  pheno-- 
mena  which  are  characteristic  of  them ;  and  it  is 
highly  probable,  that  wlien  we  shall  have  farther 
ascertained  their  nature,  it  will  be  found  adviseable 
to  select  some  other.  I  much  doubt,  for  instance/ 
whether  these  granite  lodes  extend  far  enough  in 
any  direction  through  the  growan  and  kiUas,  to  \m 
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entitled  to  this  distinction ;  moreover  they  appear 
to  be  very  capricious  in  their  line  of  direction,  and 
.  what  is  remarkable,  they  meet  without  intersecting 
each  other.  On  the  other  hand,  the  same  objection 
to  the  application  of  this  term  does  not  apply  in  an 
equal  degree  to  the  elvan-courses,  which  intersect 
the  killas  districts;  these  having  been  traced  tp 
great  distances,  aiid  being  found  in  one  instance 
to  intersect  a  tin  lode.  Their  magnitude,  however, 
and  their  great  underlie,  are  circumstances  which 
cannot  be  reconciled  to  our  notion  of  true  lodes. 

From  the  occurrence  of  granite  veins  in  the  slate 
of  our  sea-coast,  wherever  the  junction  of  the  two 
rocks  has  been  observed,  Mr.  Carne  has  been  led  to 
suspect,  that  if  the  lines  of  their  junction  could 
possibly  be  laid  open  to  view,  these  granite  veins 
would  be  seen  traversing  the  slate  at  almost  every 
point.  The  boldness  of  this  conjecture  has  beep 
justified  by  the  discoveries  which  have  been  made  in 
•the  deep  mines  of  the  parishes  of  Camborne  an^ 
Illogan:  for  although  it  be  true,  that  the  alter- 
.  nating  masses  in  these  cases,  have  more  the  character 
of  beds,  than  veins*  yet  there  appears  to  have  beeii 
in  both  cases,  a  reciprocating  action  of  two  distinct 
processes  of  rock  formation. 

Something  of  a  nature  not  less  singular,  appears 
to  have  taken  place  in  the  formation  or  develope- 
ment  of  the  granite  mass  itself;  and  to  have  prq- 
duced  by  a  principle  of  attraction  and  repulsion,  in 
most  instances,  those  variations  in  its  form  and 
mixture,  which  have  been  called  contemporaneous 
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granite  veins.  But  here,  I  believe,  we  must  cease 
to  indulge  in  conjecture ;  for  in  the  present  state  of 
physical  science,  and  in  the  absence  of  any  aid  from 
analogy,  all  attempts  to  explain  in  a  more  satisfactory 
way,  the  origin  of  these  singular  phenomena,  must 
prove  unavailing. 

The  importance  of  the  subject,  however,  induces 
taie  to  take  a  more  general  view  of  our  Cornish 
granite,  and  to  touch  up(m  some  subjects  of  inquiry^ 
which  more  particularly  merit  our  attention. 

Hitherto,  as  I  understand,  no  examples  Jiave  been 
met  with  in  Cornwall,  of  that  concentric  scaly 
structure  of  this  rock,  which  has  been  observedi 
although  very  rarely,  in  other  countries ;  nor  does 
the  Cornish  granite  shew  a  disposition  any  where 
to  assume  the  schistous  structure  of  gneiss.  More- 
over, as  far  as  my  observation  extends,  there  appears 
to  be  a  general  and  consistent  character  in  the 
internal  structure  of  the  mass  which  Constitutes 
each  group  of  the  granite  hills;  although  that 
diavaoter  may  so  vary  in  the  several  groups  of 
the  chain,  as  to  lead  to  specific  distinctions. 

Nevertheless,  I  strongly  suspect  that  all  these 

insolated  groups  of  the  granite  formation,  as  they 

^proach  the  circular  edges  of  the  slate,  will  be 

found  to  admit  a  considerable  modification  or  new 

4evelopement  of  their  internal  structure ;  and  that 

iheiermination  of  each  in  this  direction,  will,  in  most 

instances,  be  announced  by  the  same  phenomena 

-4»f  contemporaneous  veins,  and  the  same  interposi-* 

^tion  of  foreign  matter  in  the  shape  of  floors,  which 
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have  been  so  well  observed  by  Mr.  Came  in  the 
cliffs  westward  of  Penzance.  In  support  of  which 
opinion  I  shall  mention  the  following  circumstances 
in  the  natural  history  of  the  Hensborough  group, 
which  deserve  some  notice ;  for  instance,  that  very 
singular  mass  of  shorl  rock,  in  the  parish  of  Roche, 
which  covers  a  portion  of  its  northern  base,  and 
occurs  in  various  other  parts  of  its  periphery,  but 
which  I  am  by  no  means  disposed  to  regard  as  an 
independent  formation ;  and  secondly,  the  celebrated 
porcelain  granite  of  St.  Stephens,  which  occurs  at 
its  western  base,  and  together  with  some  other  small 
grained  varieties  of  the  same  rocd:^  which  are  wdl 
adapted  to  building  purposes,  tends  to  shew  that  in 
the  termination  of  this  process  of  nature,  there 
must  have  been  less  uniformity  of  action,  an  abated 
energy,  and  something  like  a  state  of  indecision. 

On  the  other  hand,  the  change  which  takes  place 
in  the  structure  and  composition  of  the  slate  forma- 
tion, as  it  approaches  the  granite,  is  well  known ; 
and  it  is  easy  to  recognize  in  those  mantle^like 
depositions,  which  form  a  girdle  of  stratified  rocks 
round  the  base  of  our  growan  hills,  both  the  geog- 
nostical  and  the  oryctognostical  affinities  which  exist 
between  the  granite,  and  the  clay-slate  or  killas :  the 
hornblende  which  abounds  in  some  portions  of  the 
latter,  and  the  feltspar  or  the  mica  which  predomi- 
nates in  others,  presenting  some  characters  of  affinity 
to  the  granite ;  while  all  these  anomalous  varieties 
of  rock  display  a  gradual  transition  into  the  killas, 
as  they  recede  from  the  growan.    It  appears,  there- 
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fore^  that  nature  in  this  instance^  as  well  as  in 
most  others^  has  acted^  not  per  solium,  but  hy 
approximation. 

Of  the  two  formations,  which  spread  over  the 
greater  part  of  the  peninsula,  the  slate  is  that  which 
is  most  familiar  to  us.  It  forms  the  basis  of  our 
best  arable  soil,  and  it  is  the  principal  seat  of  our 
mining  enterprize  and  industry.  There  is  no  portion 
of  it,  therefore,  which  is  unexplored.  It  is  more 
particularly  since  the  institution  of  this  society,  that 
our  attention  has  been  directed  to  the  characters 
which  distinguish  it ;  and  at  this  period  we  have  a 
right  to  presume,  that  our  knowledge  of  these 
characters  is  sufficiently  extensive  to  enable  us  to 
correct  the  hasty  judgments  of  some  geological 
travellers.  Thus,  for  instance,  when  we  are  told  by 
Dr.  Berger  that  graywacM  is  the  predominant  rock 
of  this  country,  we  look  around  us,  but  in  vain,  for 
some  example  of  the  type  of  this  aggregated  and 
derivative  rock,  which  may  have  given  countenance 
to  such  an  assertion;  every  where,  however,  we 
behold  in  this  portion  of  the  peninsula  a  stratifica- 
tion of  clay-slate,  which  bears  all  the  marks  of 
a  primitive  and  independent  origin  •  The  very 
intimate  connexion  which  we  have  lately  discovered 
between  the  evolution  and  consolidation  of  this  rock, 
and  that  of  our  granite,  which  has  itself  so  many 
claims  to  the  highest  antiquity,  would  alone  confirm 
this  opinion,  had  not  the  absence  of  all  those  charac- 
Uxs,  which  serve  to  distinguish  the  transition-slate, 
sufficiently  established  it. 

b2 
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I  have  endeavoured^  in  another  place,  to  point 
out  the  abuse  that  has  been  made  of  the  term  gruff^ 
wache;  and  it  might  have  been  inferred,  from  the  true 
characters  >vhich  were  there  given  of  this  remark- 
able rock,  how  improper  it  was  to  arrange  under  it 
any  portion  whatever  of  the  clay-slate  formation  of 
this  peninsula.  I  am  willing  to  believe  that  the 
error  is  now  pretty  generally  perceived,  and  acknow** 
ledged;  and  admitting  this  to  be  the  case,  whttt 
remains  for  us  to  do,  but  to  apply  the  denomination 
either  of  primitive  or  of  transition-slate,  to  the 
whole  formation  ? 

But  here  I  am  bound  in  candour  to  observe,  that 
the  use  of  these  terms  has  been  objected  to  by 
some  geologists,  because  they  imply  a  marked  line 
of  distinction  which  has  no  real  existence ;  it  being 
extremely  difficult,  without  the  aid  of  organic 
remains,  to  point  out  where  the  characters  of  the 
transition -slate  first  appear,  and  where  those  of  the 
primitive  slate  actually  terminate.  In  fact,  it  is  on 
the  absence  of  those  characters  in  the  primitive, 
which  are  so  essential  to  the  transition-slate,  that 
this  distinction  solely  rests ;  and  as  these  charajirters 
are,  moreover,  derived  from  some  adventitious 
circumstances  which  denote  only  a  more  advanced 
stage  of  progressive  developement,  (for  instance,  the 
beds  of  anthracite  and  aluminous  slate;  and  of 
compact  black  liknestope,)  some  embarrassment  ^will 
necessarily  be  felt  in  its  application.  It  is  never- 
theless true,  although  it  rests  not  on  any  prooft 
afforded   by   organic  remains,  that  a  progressivQ 


on  the  Cornish  Peninsula.  13 

Qhaage  may  be  traced  from  the  central  gf  anite^  tb 
the  remotest  beds  of  the  clay-slate  on  either  side  of 

r 

it;  and,  that  aH  the  modifications  of  the  latter  ter*^ 
minate  in  the  fhrst  appearance  of  calcareous  matter. 

Having  taken  the  liberty  of  pointings  out  the 
great  mistake,  committed  by  D^.  Berger;  in  the  use 
of  a  term  idiich  leads  to  so  many  false  inductionn, 
it  is  with  pleasure  that  I  avail  myself  of  this  oppor^ 
timity  of  bestowing  the  praise,  which  is  so  justly 
due  to  him,  for  having  first  determined  the  true 
nature  of  our  greenstone.  This  rock'  occurs  abun- 
dantly in  the  slate  district ;  and  affdrds  every*  where 
the  best  building,  as  well  as  road,  materials.  Therfe 
are  several  varieties  of  it ;  and  one  of  them,  Mf4iich  I 
found  extensively  bedded  in  the  parish  of  Probus, 
has  a  schistous  structure.  Dr.  Berger  is  of  opiniob 
that  the  greenstone  occupies  a  subordinate  station 
in  the  slate  formation,  and  the  analogy  of  other 
countries  gives  some  authority  to  his  opinion.  On 
the  other  hand,  this  greenstone  rock  is  with  us  so 
important  a  feature,  in  respect  to  the  frequency  of  its 
occurrence,  and  the  space  which  it  occupies,  that  its 
geognostic  relation  to  the  slate  which  envelopes  it, 
would  form  a  very  interesting  subject  of  inquiry. 
If,  for  instance,  we  should  conceive  the  possibility, 
built  upon  fair  induction,  of  this  greenstone  being 
tlife  type  of  all  the  slate  formation  which  accom- 
panies it,  what  a  different  view  would  it  not  give « of 
the  nature  of  this  slate,  and  of  its  origin  ? 

One  of  the  main  points  of  inquiry  to  ^vhich'the 
Pll^ntipu  of  Dr.  Berger  seems  to  have  been  directed. 
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during  the  very  extensive  tour  which  he  made 
through  this  country,  M^as  the  general  underlie  of 
the  slate  heds  on  each  side  of  the  chain  of  growan 
hills ;  which  underlie  or  inclination  he  found  on  the 
south  side  of  the  chain  to  be  to  the  S.  S.  East,  and 
on  the  north  side  of  it  to  the  N.  N.  West.  Of  die 
accuracy  of  this  determination,  supported  as  it  is  in 
some  degree  by  a  few  local  observations  of  Dr.  Forbes 
and  Mr.  Rogers,  I  confess  that  I  feel  some  doubt, 
arising  from  past  experience ;  and  the  fact  is  of  too 
great  importance  to  be  suffered  to  rest  on  imperfect 
evidence :  to  establish  it,  it  would  be  necessary  to 
take  the  mean  of  a  very  considerable  number  of 
observations. 

I  cannot  conclude  this  survey  of  the  strata  of 
Cornwall  without  offering  some  thoughts  and  reflec- 
tions on  the  two  great  serpentine  formations  of 
St.  Clere  and  the  Lizard. 

The  whole  area  of  the  peninsula  may  be  resolved 
into  three  distinct  rock  formations ;  one  of  which,  al- 
though it  occupies  but  a  small  space  when  compared 
with  the  two  others,  is  nevertheless  the  most  interest- 
ing. I  allude  here  more  particularly  to  the  serpentine 
district  of  the  Lizard :  upon  the  borders  of  which  at  ai| 
early  age,  without  any  assistance  from  an  instructor 
and  with  no  better  guide  than  Borlase,  I  first  studied 
the  phenomena  of  Geology.  The  characters  of  the 
granite  and  the  slate  formations  were  sufficiently 
distinct  to  impress  on  me  a  conviction  of  the  great 
difference  in  their  origin ;  but  those  of  the  serpen- 
^ii^e  w^re  widely  remote  from  either;    and  they 
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pointed  out  such  a  bold  and  capricious  variation  in 
the  great  operations  of  nature^  as  could  not  fail  to 
awaken  the  curiosity  of  so  youthful  an  observer. 

The  effect  of  these  early  associations  is  so  strong, 
that  I  still  feel  a  more  than  common  interest  in  the 
objects  which  gave  birth  to  them ;  and  if,  after  an 
absence  sufficiently  long  to  impair  my  recollection 
of  many  particulars  of  this  rock  formation,  I  should 
be  under  the  influence  of  some  misconception,  I 
trust  that  the  following  sketch  will  be  found,  upon 
the  whole,  to  convey  no  unfaithful  representation 
of  the  features  which  principally  distinguish  it 

Passing  over  the  low  slate  hills,  which  form  the 
base  of  a  great  part  of  its  periphery,  you  approach 
the  elevated  platform  of  Gonhilly,  by  a  rise  so  gra- 
dual as  to  be  almost  imperceptible.  The  ascent 
continues  for  some  way  over  the  serpentine  rock, 
without  any  material  increase  of  elevation ;  when  a 
dead  level  commences,  bounded  by  an  horizon  of  its 
own ;  for  the  slate  hills,  which  you  have  now  left 
behind  yon,  are  no  longer  visible. 

The  traveller,  however,  if  he  be  a  geologist,  will 
feel  an  interest  even  in  this  dreary  country ;  the 
great  simplicity  of  its  outline,  its  unbroken  surface, 
and  firm  consolidation,  reminding  him  of  its  high 
pretensions  to  a  primitive  antiquity.  On  his  arrival 
at  the  iron-bound  coast  which  terminates  this 
extensive  platform,  he  will  find  the  dull  uniformity 
of  its  surface  most  amply  compensated  by  the 
view  of  its  internal  structure ;  there  being  nothing, 
upon  the  same  scale  of  magnitude  in  the  mineral 
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Jciogdom,  xvliich  .surpafises  the  tidveltyiaikli variety 

^f  those  objects,  which  will  im»w  force  thendselves 

upon  his  attention.    After  the   first    emotions  ^f 

,surprize>  occasioned  by  the  sight  of  these  cliffs, 

the  'geologist  will  perceive,  that  tlie  singularity  of 

their  ^aspect  is  the  result  of  the  very  pecnliararticu-* 

'lation  of  the  rock  whidi  chiefly  composes  thenf;  the 

glazed    surface    of   every   fragment    aatisfoetdrily 

^accounting  both  for  its  resistance  to  decomposition^ 

;and  for  its  dismemberment.    He  will  find,  on  A 

nearer  examination  of  these  cliffs,  numerous 'Veins 

of   unctuous  steatite,    associated  with   talc  of  a 

metallic  lustre,  or  .with  the  most  delicate  fibres  of 

asbestus;  while  nature,  as  it  were    in  a  sportive 

mood,  has  scattered  through  the  vari^;ated  mass 

of  serpentine  her  crystals  of  resplendent  diallage< 

Every  thing  in  short,  which  he  finds  here,  comUiies 

to  stimulate  his  curiosity,  and  to  fetter  his  lattention. 

It  is  on  the  western  skirts  of  this  platform  of 
solid  rock,  that  the  slate  has  been  perceived  in  an 
attitude,  termed  by  geologists  unconformable,  ^sup- 
porting the  greenstone  which  is  itself  overlaid 
t^ith  the  serpentine.  It  is  said  that  some  traces  of 
tMnsition  may  be  occasionally  detected  at  the  ^ints 
of  contact  >  between  the  two  last<mentioned  •  rocks^i 
which  together  with  a  few  examples  whieh  have  been 
given  'Of  th^r  alternation,  tend  to 'demonstrate  their 
contemporaneous  origin. 

The  slate,  however,  soon  disappears  beneath  its 

unaccommodating  covering ;  and,  of  the  two  rock 

masses. which  4^verlie  it^  the  serpratine  is  by. far 
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• 

the  most  predominant.  No  circnmstance  is  more 
striking/  than  the  wide  extent  of  tahle  land  which 
this  rock  constitutes.  If  it  be  allowable,  in  the 
present  state  of  geological  science,  to  conceive  a 
process  of  tranquil  deposition  or  slow  precipitation 
of  the  materials  of  such  a  country  from  a  fluid  in 
which  they  were  suspended,  such  must  have  been 
the  result  of  it :  nor  do  I  know  an  instance  of  a 
formation  of  this  high  antiquity,  which  has  remained 
so  unaltered.  Even  a  considerable  portion  is  still 
preserved,  of  what  may  be  justly  regarded  as  its 
original  outline. 

But,  although  I  may  have  indulged,  for  an  instant, 
in  an  hypothesis  which  seems  to  account  very  plau^ 
sibly  for  the  exterior  form  of  this  great  deposit 
of  rock,  I  am  led  nevertheless  by  many  circum- 
stances to  believe  that  the  developement  of  its 
interior  structure  must  have  been  influenced  by 
the  action  of  some  disturbing  causes,  of  the  nature 
of  which  we  can  form  no  adequate  conception : 
it  being  impossible  to  account  in  a  satisfactory 
manner  for  the  great  variety  of  forms  and  of  com- 
binations of  colours  which  here,  at  every  step,  arrest 
the  attention  of  the  geologist,  while  they  baffle  every 
attempt  that  he  makes  to  reduce  them  to  classifica- 
tion. It  is  remarkable,  however,  that  in  spite  of  all 
the  diversity  of  characters  which  I  have  noticed, 
the  magnesian  is  that  which  predominates. 

Among  the  very  great  variety  of  simple  and 
compound  rocks,  which  nature  seems  here  to  have 
indulged  in  producing,  who  would  expect  to  find 
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some  deposites  of  native  ^eopper  ?  I  Juive  eauu»ioed. 
the  spot»  where  ^\jwxt  eiglity  years  egoi  4Kt  a  fet>t  er 
twe  beneatk  tke  surfaee  of  the  roek»  msLtky  tens  </£ 
this  metal  were  «U«OGyered.  -Siaecimeiis  ef  it  •are 
stiH  {)reserved  in  oabifi^te,  and  their  uocrystaUiaed 
aippearance  kas  induced  many  ]ierseii8  to  suppase 
that  they  were  the  productions  of  a  «aielting  fuimace* 
No  traces,  bowover^  of  fiie  are  observable  <m  the  spot 
which  was  pointed  out  to  fee ;  and  the  saaoe  amor^ 
pfaous  native  copper  is  Ibiind  in  so  many  parts  of 
the  cliffs  of  the  Lizard,  and  under  circttmstances  so 
demonstrative  of  its  aboriginal  connexion  with  the 
rocknooass,  that  no  donbt  can  be  justly  entertaiaed 
of  its  natural  origin* 

It  may  excite  almost  an  equal  ^d^ree  of  anrpiiee^ 
when  I  mention  the  fact,  that  the  steatite  oonstitntes 
well  characterized  lodes  in  the  serpentine ;  and^  to 
lill  up  the  list  oi  singularities  in  this  district,  I  ahaU 
avail  myself  of  the  opportunity  to  notice  a  lode»  of 
considerable  breadth,  and  of  a  Tery  regular  direction 
between  smooth  walls,  which  is  composed  of  n  aolid 
mass  of  ferriferous  carbonate  of  lime,  (sparry  iron- 
8t<MBe).  I  found  this  lode  in  the  cliffs  which  range 
a  little  to  the  eastward  of  the  49maU  cove  near 
Landewednack,  at  the  spot  where  the  terpentine  is 
so  beautiful^  marbled  with  red  veins,  nad  inter- 
spersed with  crystals  of  4iaUi|ge.  How  ah^gular 
must  that  process  have  heen,  which  has  £Ued  the 
hollow  space  between  the  two  walls  4tf  this  .fissure, 
with  a  substance  so  differ^at  in  its  oiatuse  from  the 
rock  which  iackxses  4t. 
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The  extstonoe  of  gfanite,  <»p  of  micaeeousr  slate^ 
IB  a  distriot  se  olMmetefizeil  by  its  binary  asaooiatioa 
ef  wrpoBtiim  apd  grMii«t«M^  would  if  aubslanti^tod^ 
be  a  Gorioiw  anonaly  in  the  history  of  this  fi^mnattioB} 
b«l  the  Ibnptr,  wbieh  baa  bti^  Qbsarvad  anly  at 
Kynaaoe,  pro'ves  on  a  fbrthep  axamiaation^  to  be  a 
povpbyritic  mass,  miboviiiiato  to  the  aMrpeatiao ; 
whilo  tba  latter^  wbioh  eovoM  tho  pfomoiitory  of 
die  Liaard,  is  a  true  horobleiick  glataw 

Tho  ¥ory  intimato  eopnoxto»  which  aubaists 
botwooQ  tho  gfMenstono  and  the  swpaiithM  ol  tbia 
diatriet,  corroBponda  with  obsaFv^iovs  made  in 
other  porta  of  tho  globe;  a«d,  aa  far  aa  a»y  owp 
Qiqpofioiioo  oxtanda,  thia  ooanaaioo  ia  m  iavarinbia^ 
that  I  roeoiloat  no  iaatanoe  whore  one  of  theao  pooks 
ia  not  aaaoeiatod  with  t^  o0hMr.  Tho  dtaMago  rook 
too,  although  less  extensive  thao  tho  gvaeaaton^, 
belongs  nevertheless  to  the  same  natural  family ;  and 
in  the  eastern  part  of  this  district  it  occurs  tinder  such 
varying  circumstances  of  association  with  the  two 
other  rocks,  as  to  leave  no  doubt  of  their  common 
origin.  Nor  is  there  a  reasonable  doubt,  as  far  as  I  can 
see,  of  the  primitive  nature  of  the  whole  formation. 

If  in  the  course  of  these  observations  and  reflec- 
tions, which  have  arisen  from  the  view  which  I  have 
taken  of  the  subject,  some  things  may  have  been 
advanced,  which  are  too  novel  to  produce  immediate 
conviction,  and  others,  which  must  be  received  as 
mere  conjectures,  it  will  be  recollected  that  the  sole 
object  which  I  have  had  in  view,  is — the  etdargement 
qf  our  field  qf  inquiry. 
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This  field  still  abounds  in  the  most  interesting 
phenomena ;  and  I  cannot  refrain  from  the  observa- 
tion, that  while  travellers  glance  superficially  over 
every  object,  and  too  often  from  this  cause,  form 
very  incorrect  judgments,  the  indulgence  which 
they  are  entitled  to,  cannot  well  be  extended  to 
native  observers ;  from  whom  we  have  a  right  to 
expect  correctness ;  and  above  all,  an  attention  to 
the  minutest  circumstances  of  the  case  before  them. 

It  is  by  this  mode  of  proceeding  that  the  labours 
of  our  society  may  be  made  most  eminently  condu- 
cive to  the  progress  of  geognosy ;  and  the  monogra* 
phies  of  our  Cornish  granite,  of  our  slate,  or  of  our 
serpentine  formations,  if  they  were  so  treated,  might 
constitute  a  work  of  such  original  merit,  that  its 
authority  would  be  appealed  to,  in  aU  controverted 
points,  as  decisive. 


II. — Same  Observations  on  Metalliferous  Veins,  and 
their  Electro-magnetic  properties. 

By  ROBERT  W.  FOX,  Esq. 

MEHBBft  OF  THE  SOCIETY, 

(Read  October,  1830.) 


1  have  recently  communicated  to  the  Royal  Society 
the  results  of  some  experiments  showing  the  exis- 
tence of  electrical  action  in  many  of  the  metallife- 
rous veins  of  Cornwall. 

I  have  since  repeated  my  experiments  in  Lagylass 
and  Frongocli  lead  mines,  situated  about  fourteen 
miies  from  Aberystwith,  in  Cardiganshire,  and  also 
in  South  Mold  mine,  near  Mold,  and  Miller  mine, 
near  Holywell,  in  Flintshire. 

The  two  former  are  in  clay-slate ;  and  in  each  of 
ihem,  only  one  vein  is  worked.  They  yield  much 
lead,  and  their  vein-stones  are  mostly  claynslate, 
exactly  resembling  the  containing  rock,  intermixed 
more  or  less  carbonate  of  lime,  quartz,  &c. 

The  veins  have  nearly  an  east  and  west  direction. 
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and  an  underlie  towards  the  south  of  about  40^  from 
the  perpendicular.  The  depth  of  Lagylass  from  the 
surface  is  about  sixty  fathoms ;  but  the  bottom  level 
is  drained  by  a  deep  adit  brought  from  a  neighbour- 
ing valley.  The  vein,  which  is  only  two  or  three 
feet  wide  near  the  surface,  increases  to  about  ten 
feet  at  the  bottom  of  the  mine.  Here  two  portions 
of  the  vein,  fifteen  fathoms  asunder,  were  connected 
by  two  copper  wires,  through  the  medium  of  a 
galvanometer,  which  caused  a  vibration  of  five 
degrees  in  the  needle,  indicating  positive  electricity 
from  the  west. 

Frongoch  is  about  two  miles  from  Lagylass.  It  is 
twenty  fathoms  deep,  and  is  drained  by  machinery. 
The  vein  enlarges  from  three  or  four  feet  near  the 
surface,  to  five  or  six  at  the  bottom  level,  where 
I  connected  as  before,  two  portions  of  the  veki 
about  ten  fathoma  i^trt,  and  the  neodle  vibrated 
17^. ;  the  positive  electricity  in  thii  case  ako  e^nimg 
from  the  west.  When  the  eastern  or  nagatMfe 
ttatton  was  afterwards  connected  with  on«  twenty 
eight  fethoitti  farther  eee^  the  fovtMer  btcMee 
positive  in  rderence  to  the  ktter,  tlie  acedk  vilm- 
ting  about  throe  dtgreea. 

In  my  experiments  in  tiie  Goroifih  aunai  I  ako 
observed  that  the  positive  dectricity  abneet  invaria- 
bly proceeded  from  the  west,  in  lodes  hsarijHi|r  en 
underlie  towttde  the  lottlk.  Thia  eeinddenoe  is 
xntereating* 

The  lead  vein  in  Sonth  Mold  nine,  is  contekied  in 
a  neaoiy  benicMlal  hed  of  Itme-etone,  end  prednccs 
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krge  qiia&iitios  of  ore.  l%e  directioti  of  the  V€in 
is  nearly  N.  W.  and  S.  E. — its  ^idth  i^ut  two  feet, 
sad  its  iMiderlie  abotat  40^.  to  the  N.  £.  It  has  been 
worked  to  the  <ieptli  of  sei^eartj  fatheans ;  but  Z 
made  my  experineDts  in  a  level  fifty  fathoms  deep, 
wliere  the  lead  ^ore  was  very  abundant ;  I  however 
Ailed  in  obtetmniig^  any  indication  of  electricity^ 
aftkoagfa  portions  of  the  vein,  separated  by  a  cross 
ceime,  were  selected. 

Tbe  temperature  of  a  scnail  streaai  of  water  m  tiie 
ifty  fatiicmis  level,  was  ei^ly  51%  and  the  water 
pmnped  from  the  bottom  was  S2^.* 

I  apprehend  tiist  Miller  lead  mine  is  more  pre* 
dM^tive  than  any  ether  in  that  part  of  our  island ; 
it  is  seventy  &1iioms  deep,  and  contains  many  veins 
which  are  found  in  beds  of  chert,  and  of  the  suin 
jiKient  iime-stone.  I  remained  on  the  sur&cse  with 
tiie  galvanometer,  whilst  two  wkes  were  sent  down 
tiivoi^  a  shaft  to  the  depth  of  ififty  six  fathoms, 
mtL  la  cmineRion  was  lestelbfisfaed  between  tiro  panattel 
WMs  ££bee&  fivthoms  asunder,  both  dapfonqg  aboid; 
M^.  feeoi  tbe  pei^endicular  iewards  the  S.  W.,  and 
a  iN.  W.  «id  S.  E.  dinectiHin,  one  %^asg 
\VL  xiicfaes,<and  &e  jotfaer  six  inches  wide ;  bict 
I  iflbtaoed  no  andioBtion  'of  eleotridfty.  A  cenmn« 
WBMJBbVL  WW  tlieii  made  bet^Kwen  tiwo  portions  of 
Ite  «a»e  Tem,  yA  still  without  any  ^effisct  tkdng 
ipnodvoed  *4ni  Hint  needle. 

*  1  am  much  indebted  to  my  friend  John  T&ylor,  7un.,  und  also'to  Capt.  A. 
Fnncii,  for  the  facilities  which  they,  as  well  as  Capt.  Ede,  afforded  my  rcla- 
tioD,  J.T.  Priceyftnd  myself,  for  descending  into  the  mine,  and  making  the 
experiments,  in  which  they  kindly  assisted. 
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The  temperature  of  the  water  pumped  from  the 
bottom  was  only  51^* 

In  the  experiments  I  have  made,  there  seems  to  be 
a  remarkable  difference  between  veins  in  primitive 
rocks,  and  in  those  horizontally  stratified.  It  would^ 
however,  be  premature  to  draw  general  conclusions 
without  further  experiments,  although  it  may  be 
distinctly  stated  that  I  never  &iled  to  observe  indi- 
cations of  electricity  in  the  Cornish  mines,  where 
there  were  regular  courses  of  ore,  either  of  copper  or 
lead,  the  same  precaution  having  been  taken  as  in 
the  Flintshire  mines :  and  in  veins  equally  produc- 
tive of  ore,  in  this  county,  the  needle  was  generally 
acted  upon  with  considerable  energy,  for  the  quan- 
tum of  effect  seemed  very  much  to  depend  on  the 
quality  of  the  vein. 

In  Flintshire,  I  apprehend,  the  veins  are  produc- 
tive only  in  one  or  two  of  the  nearly  horizontal  beds. 

I  may  remark  that  much  gunpowder  is  used,  and 
many  men  are  employed,  both  in  South  Mold  and 
Miller  mines.  This  is  a  further  proof,  if  it  were 
needed,  that  the  electricity  detected  in  lodes,  does 
not  depend  on  the  influence  of  workmen^  candles^ 
blasting,  friction,  or  percussion.  The  temperature^ 
however,  in  both  cases,  was  much  lower  than  it  is 
in  the  mines  of  Cornwall  at  the  same  depth ;  so  that 
these  examples  show  that  all  the  above-mentioned 
causes  are  quite  inadequate  to  produce  the  heat 
observed  in  the  latter. 

*    I  have  to  acknowledge  my  thankfl  to  the  resident  proprietor,  Thomaa 
*  Harrison,  for  his  obliging  attentions,  and  also  to  Capt,  Mondy  and  other  agents 
of  the  minoi  for  their  kind  assistance  in  making  the  experiments* 
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I  am  indebted  to  W.  J.  Henwood  for  communi- 
cAting  to  me  sotne  experimeiits  which  he  has  rery 
recently  made  in  Huel  Friendship  coppet  rnine^  in 
the  parish  of  Mary  Tavy^  in  Devonshire. 

This  mine  is  situated  in  clay-slate,  the  lode  is 
two  feet  thick,  its  direction  nearly  east  and  w^st, 
and  its  underlie  about  40^.  from  the  perpendicular. 
He  connected,  by  means  of  two  copper  wires,  two 
portions  of  the  lode  forty  fathoms  apart,  in  a  lerel 
one  hundred  and  fifty  fathoms  deep,  when  the  needle 
Tibrated  15<^.,  the  positive  electricity  coming  from 
the  east.  He  then  tried  in  like  manner,  two  stations 
One  hundred  and  twenty  fathoms  asunder,  and  fbund 
the  direction  of  the  positive  current  to  be  the  same 
as  before,  but  more  considerable,  the  needle  vibtating 
from  45^  to  SO^. 

He  also  visited  Huel  Betsey  lead  mine,  in  the 
same  parish,  in  which  the  lode  is  a  foot  if^ide,  having 
a  N.  W.  and  S.  £.  direction,  and  an  underlie  of  26^ 
to  the  S.  W.  He  connected  the  wires  with  the  ore 
at  the  t#o  ends  of  the  bottom  level,  thirty  five 
istftoms  apart,  and  ninety  fathomis  deep ;  but  the 
needle  was  mi  affected,  nor  was  it  to  be  expected 
tlult  it  wMM  bd  sOy  as  the  lead  ore  in  the  vein  wa9 
niislerrupted  by  cross  coorses,  or  siny  other  non- 
MncbMting  Mbstancesv  amd  consequently  was  nearly 
as  good  u  eondoctor  of  electricity  as  the  wire. 

In  the  p8|>6r  which  I  forwarded  to  the  Royal 
Society,  I  have  stated  my  views  of  the  probable 
ootmosdon  betweenr  electrical  currenfts  tk  veia^,  and 
Isnfslilal  magnetism^  and  i  have  aiso^  suiHgested 
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my  reasons  for  ccmsidering  the  various  geological 
theories  which  have  been  proposed,  inadequate  to 
explain  the  origin  of  veins. 

The  Huttonian  doctrines  are  perhaps  more  pkiu- 
sible  than  the  Wemerian,  and  the  high  temperature 
which  is  now  generally  admitted  to  exist  under  the 
earth's  surface,  has  probably  tended  to  give  the 
former  an  increased  degree  of  credibility ;  yet  they 
cannot,  I  think,  be  easily  reconciled  with  many  aS)*- 
certained  facts :  such,  for  instance,  as  the  contents  of 
lodes  having  a  distinct  reference  to  the  rocks  they 
traverse,  not  only  in  general,  as  it  relates  to  their 
productiveness  of  ore,  but  still  more  so,  as  it  respects 
their  vein-stones;  a  greater  or  less  proportion  of 
which,  correspond  in  their  nature  with  the  enclosing 
rocks,  however  frequently  these  may  change  from 
the  occurrence  of  elvan  courses.  Sec.  near  the  junc- 
tions of  other  rocks. 

This  remark  applies  to  all  lodes,  however  different 
may  be  the  direction  of  their  descent  into  the  earth : 
and  vein-stones  are,  in  most  cases,  too  uniformly  ar- 
ranged in  lodes  to  consist  with  the  idea  of  their  hav- 
ing been  mere  fragments  of  the  adjoining  rocks. 

I  have  seen  instances  of  lodes  bounded  by  elvan 
courses  on  the  superior  side,  and  by  killas  on  the 
inferior,  and  dipping  at  very  oblique  angles,  yet 
having  their  vein-stones  principally  composed  of 
killas  exactly  resembling  the  itiferiar  rock,  and  con- 
taining no  elvan. 

It  may  be  observed  generally  of  vein-ston68,  what- 
ever be  their  nature,  and  however  infusible  they  may 
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be,  that  they  contain  the  ore  more  or  less  dissemina- 
ted, and  often  perfectly  insulated,  thus  affording 
strong  evidence  of  their  being  contemporaneous. 

It  is  well  known  that  the  contents  of  lodes  are 
arranged  without  any  relation  to  their  specific 
gravity,  the  ore  being  found  to  alternate  with 
comparatively  light  substances,  and  the  heaviest 
ores^  such  as  the  oxide  of  tin  and  wolfram,  are  com- 
monly the  uppermost. 

Neither  do  the  contents  of  lodes  afford  indications 
of  the  action  of  great  heat :  thus  the  oxide  of  tin, 
which  becomes  red  by  the  application  of  fire,  is  very 
rarely  if  ever  found  in  lodes,  possessing  this  colour. 
Vitreous  copper  often  occurs  intermixed  with  the 
yellow  sulphuret,  and  is  sometimes  found  under  it, 
although  the  latter  so  easily  loses  a  part  of  its  sul- 
phur when  exposed  to  a  very  moderate  degree  of 
heat.  The  ores  of  copper,  lead,  zinc,  &c.  are  fre- 
quently met  with  in  the  same  lodes  in  close  contact, 
and  even  investing  one  another,  and  yet  preserving 
their  distinct  characters,  however  great  may  be  their 
tendency  to  combination  when  in  fusion. 

The  intersections  and  dislocations  of  lodes  may 
also  be  mentioned  as  presenting  anomalies  not  easily 
explained ;  for  instance,  the  extent  of  a  shift  fre- 
quently increases  or  lessens  in  depth,  and  occasion- 
ally becomes  even  reversed.  Extensive  dislocations 
of  lodes  sometimes  occur  in  connection  with  small 
cross  veins,  and  the  latter  generally  deviate  so  much 
from  a  direct  course,  both  horizontally,  and  in  their 
descent,  as  to  render  it  difficult  to  reconcile  them 
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with  tbe  idea  of  dides  or  slips  of  the  strata ;  and 
when  lodes,  having  opposite  inclinations  from  the 
perpendicular,  are  shifted  in  the  same  horizontal 
direction,*  this  effect  clearly  cannot  be  attributed  to 
subsidence,  which  would  tend  to  separate  the  lodes 
in  opposite  directions. 

It  appears  to  me  that  our  stock  of  information 
relative  to  the  geology  of  the  mineral  districts  of 
Cornwall,  might  be  greatly  increased  by  the  proposal 
of  an  annual  premium  or  medal,  to  excite  practical 
and  well  informed  miners  to  report  the  prevailing 
&cts  observable  in  the  mines  under  their  notice ; 
not  laying,  as  is  too  often  the  case,  an  undue  stress 
on  the  exceptions,  rather  than  on  the  rule ;  and  they 
might  be  encouraged  to  transmit  illustrative  specir 
mens  of  the  different  rocks  and  vein-stones,  with 
their  local  names.  This  is  the  more  desirable,  as  I 
apprehend  that  in  many  parts  of  Cornwall  the  same 
terms  are  given  to  very  different  substances ;  such» 
for  instance,  as  '^elvan,"  **  irestone,"*  (iron-stone), 
^'  capel,"  &c.  &c.,  and  general  rules  are  frequently 
adopted  from  local  facts,  of  which  numerous  exam- 
ples might  be  given  were  it  necessary.  If  these 
were  collected  and  carefully  compared,  they  might 
be  modified,  confirmed,  or  discarded,  and  omclu- 
sions  adopted,  interesting  to  science,  and  useful 
VBL  practice. 

*    An  instance  of  this  occurs  at  Poldice,  and  I  f^^prehend  it  it  t|ie  ufiud 
vesolt,  when  lodes,  haying  opposite  dips^  are  shifted  by  cross  veins. 
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III. — A  Description  (^  Happy-Unimi  Tin  Stream- 

W0ri  at  Pentuan. 

Bt  lOHN  W.  COLENSO,  Evq. 

(Refl4  October,  1880.) 


Happt-Union  tin  stream-work  lies  ia  a  valley  near 
tlie  harbour  of  Pentuan,  in  the  parish  of  St.  Austell. 

Several  streams  which  rise  on  the  scmthepu  side 
of  the  high  hills  of  Hensbur row,  (about  eight  miles 
distant  from  Happy-Union)  flow  through  this  valley, 
and  there  the  high  grounds  about  Polgooth  mine 
(two  miles  distant)  also  discharge  their  waters. 

The  valley  of  Pentuan  is  a  continuation  of  St 
Austell  moor,  where  for  many  ages  a  great  quantity 
of  tin  has  been  gotten  by  streaming.  It  is  in  some 
parts  upwards  of  six  hundred  feet  in  breadth,  but  in 
others  not  more  than  three  hundred,  rad  at  one  spot 
Mttle  more  than  one  hundred.  Its  decfination  from 
St  Austell  bridge  to  Pentuan  is  about  one  hundred 
and  twenty  feet ;  and  if  to  the  fiUl  of  the  valley,  we 
add  the  depth  of  the  deposit,  it  will  make  a  total  of 
one  hundred  and  eighty  feet,  or  just  forty  five  feet 
to  a  mile. 
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Above  St.  Austell  bridge  there  is  no  alluvial 
deposit  of  any  kind,  the  course  of  the  river  from  its 
source  to  that  place  being  confined  and  rapid ;  but 
in  the  four  miles  from  St.  Austell  to  Pentuan,  the 
deposit  gradually  increases,  so  as  at  the  present 
place  of  working,  to  attain  the  depth  of  sixty  feet. 

The  floor  or  rock  on  which  the  whole  of  the 
deposit  rests,  is  composed  of  blue  killas,  of  the  same 
kind  as  that  of  the  adjoining  hills  and  cliffs :  in  some 
places  it  is  as  hard  as  the  hardest  of  that  kind  of 
stone ;  in  others,  so  soft  as  not  to  support  the  props 
which  it  is  found  necessary,  in  driving  levels,  to  place 
on  it.  In  particular  places  the  rock  appears  to  be 
worn  by  friction;  but  in  other  places,  especially 
under  the  tough  ground,  (described  hereafter)  there 
is  no  appearance  of  friction. 

In  describing  the  different  parts  of  this  deposit, 
I  shall  refer  to  the  section,  in  which  they  are  desig- 
nated by  different  letters. 

a.  The  tin  ground,  that  is  to  say,  the  stratum 
in  which  the  whole  of  the  stream  tin  is  found.  It 
lies  on  the  solid  rock,  and  is  generally  from  three  to 
six  feet,  and  sometimes  even  ten  feet,  in  thickness : 
in  width  it  extends  across  the  valley,  except  where 
turned  by  a  projecting  hiU  or  rock,  when  it  is  found 
to  take  the  supposed  antient  course  of  the  river^ 
which  is  generally  under  the  steepest  land. 

The  rocks  and  stones  which,  with  the  pulverized 
matter,  compose  this  stratum,  are  mostly  fragments 
of  granite  similar  to  that  of  the  hills  near  St.  Austell, 
(exhibiting  all  the  varieties  of  this  rock  which  usually 
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occur  near  the  base  of  our  moorstone  hills)  all  of 
which  are  considerably  rounded  by  attrition,  where- 
as the  stones  of  killas  and  greenstone  which  are 
frequently  met  with^  appear  to  have  suffered  but 
little  change.  Fragments  of  elvan,  and  of  the  hard 
black  rock  called  by  the  miners  "  irestone^**  are  also 
occasionally  found  in  the  mass,  as  well  as  vein-stones, 
and  that  kind  of  iron-ore  which  is  called  caL 

Most  of  the  tin  lies  at  the  bottom  of  the  stratum : 
but  sometimes  it  is  found  in  the  higher  parts,  where 
for  two  or  three  inches  in  thickness  the  ground  is 
in  some  parts  quite  blackened  with  tin,  although 
perhaps  for  two  or  three  feet  below  it,  the  ground 
does  not  repay  the  expence  of  washing  it :  generally 
speaking,  however,  the  tin  ground  is  best  in  the 
bottom,  and  although  the  higher  part  contains  tin, 
and  sometimes  good  pebbles  of  tin ;  yet  the  ground 
here  is  generally  poor :  indeed  the  smaller  the  mass 
of  the  tin  ground,  the  greater  is  the  quantity  of  tin 
contained  in  it. 

The  tin  is  from  the  size  of  the  finest  sand,  to 
pebbles  of  ten  pounds  weight;  and  some  rocks 
richly  impregnated  with  tin  weighing  two  hundred 
pounds  and  upwards,  have  occasionally  been  found 
here.  The  small  tin,  which  is  known  by  the  name 
of  grain  tin,  is  of  the  best  quality  :  the  larger  stones 
contain  more  waste,  and  sometimes  also  copper  and 
mundic. 

The  tin  ground  is  divided  by  the  streamers  into 
what  they  call  "  loose  ground**  and  *'  tough  ground  :** 
the   loose    ground  consists  of  sand,  stones,   and 
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pebbles ;  the  tough  ground  has  sn  additional  inter- 
mixture of  yellow  clay,  which  cements  the  whole  so 
firmly  together  as  to  render  it  difficult  to  be  separar 
ted  and  washed. 

The  tough  ground  appears  to  be  formed  by  th£ 
clay  rising  up  from  below  it ;  folr  on  removing  this 
ground,  we  find  oosing  out  of  the  soft  killas  under  it 
the  same  fine  yellow  clay  as  is  milled  with  the  tough 
ground :  and  sometimes  for  two  oi*  three  feet  below 
the  regular  surface  of  the  soft  killas,  tin  and  other 
pebbles  have  been  deposited  in  the  pldce  of  the  clay 
forced  up.  The  tin  ground  is  also  of  a  much  greatcnr 
thickness  where  the  clay  Appears  to  hare  been 
forced  up ;  from  which  it  may  be  supposed  to  hate 
been  lodged  in  its  present  bed  immediately  after  the 
removal  of  the  substance  which  before  occupied  its 
place**  We  have  here  found  a  few  grains  and  snail 
pieces  of  gold ;  they  axe  very  scarce^  and  rarely  io 
large  as  a  pea. 

In  this  stratum  I  have  never  met  with  any  a»kimsl 
remains ;  but  rootd  of  trees  are  seen,  and  lately  has 
been  opened  what  was  once  an  oyster  bed,  on  tlMtop 
<tf  the  tin  ground,  where  the  shells  still  renam  fiuit- 
ened  to  some  of  the  large  stones,  sati  the  stamps  of 
trees.  The  roots  of  the  oak  are  in  tkeif  natmnd 
position,  and  may  be  traced  ta  their  smaUcst  fibres 

*  The  ^antity  of  tin  ground  opened  at  Pentoan  hat  been  seven  hundred 
fathoms  in  lengthy  ayeraging  about  twenty  six  fathoms  in  breaddr,  ntelSlig  a 
total  of  eii^ftaen  thoosaad  and  tm>  faaHdred^  sqfDsre  fcthomr.  TIm  Sveiage 
quantity  of  black  tin  gotten  per  sqnare  fiithom  has  been  one  hundred  and  ei|^ty 
pounds :  tile  quantity  of  OTerburflien  reoKhnMf  has  been  upwafds  of  two  hna« 
dnd  thMiaid  tens. 
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even  so  deep  as  two  feet :  from  the  manner  in  which 
they  spread^  there  can  be  no  doubt  but  that  the  trees 
have  grown  and  fallen  on  the  spot  where  their  roots 
are  found.  I  understand  the  first  appearance  of 
decay  in  the  oak^  is  its  becoming  stag-headed :  the 
tnmk  fails  next^  and  then  the  root ;  but  at  Pentuan 
the  timber  is  often  found  quite  sounds  as  a  proof  of 
which,  I  have  recently  applied  one  of  the  trees 
to  make  the  axle  of  a  water  wheel.  It  appears  to 
ine  likely  that  at  this  period^  the  rising  of  the  sea 
had  so  far  checked  the  current  of  the  river  as  to 
prevent  its  discharging  the  mud  and  sand  brought 
down  with  it;  thus  the  roots  were  buried  to  a 
considerable  depth,  and  the  trees  killed,  before  the 
timber  underwent  its  natural  process  of  decay.* 

b.  A  stratum  qf  dark  silt,  about  twelve  inches 
thick,  apparently  mixed  with  decomposed  vegetable 
matter,  and  on  the  top  of  this  is  a  layer  of  leaves  of 
trees,  hasel  nuts,  sticksi  and  mossi  from  six  to  twelve 
inches  more.  The  moss  appears  in  a  perfect  statei 
retaining  almost  its  natural  colour>  and  seems  to  have 
grown  where  it  is  now  found.  This  layer  of  vegetable 
matter  is  about  thirty  feet  below  the  level  of  the  sea 
at  low  water,  and  about  forty  eight  feet  at  spring  tides^ 
It  is  not  found  in  particular  spots  only,  but  extendsi 
Ifrith  some  interruption,  across  the  valley^ 


*  Tht  specimeiui  from  the  itratum  of  tin  ground  are,  No  1,  serge  or  grain 
tin.  No.  Sy — 6,  varieties  of  wood  and  other  tins.  No.  6,  common  pebbles  of 
tin.  No.  t, — 0,  specimens  of  the  tin  ground.  No.  10,  part  of  a  large  pebble 
tmtaiiiing  ttttAdiC|  broken  lo  shew  the  effect  produced  by  the  action  of  the 
^ter  on  it. 

VOL.  IV.  B 
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c.  Above  the  vegetable  matter  just  described  is 
a  stratum  qf  dvdge  or  silt,  of  ten  feet  in  thickness : 
in  this  there  is  little  variation^  except  by  its  chang- 
ing from  a  brownish  to  a  lead  colour,  in  particular 
places.  The  whole  is  sprinkled  with  recent  shells^ 
together  with  wood,  hazel  nuts^  and  sometimes  the 
bones  and  horns  of  deer,  oxen,  &c.  The  shells,  par- 
ticularly the  flat  ones,  are  frequently  found  in  rows 
or  layers ;  they  are  often  double  and  closed,  with 
their  opening  part  upwards,  so  as  to  render  it  likely 
that  the  fish  lived  and  died  where  their  remains  are 
now  found. 

Shells  exposed  to  the  action  of  the  sea  are  seldom 
found  united ;  and  it  is  well  known  that  shell  fish 
are  only  discovered  at  or  near  the  surface  of  the 
sand  or  mud ;  this  stratum,  therefore,  as  it  contains 
the  remains  of  shell  fish  throughout,  must  have 
increased  gradually,  and  formed  layer  after  layer,  as 
the  fish  became  possessed  of  the  surface,  according 
to  the  gradual  rising  and  influx  of  the  sea. 

The  silt  at  Happy-Union  is  of  so  fine  a  textare, 
that  it  will  scarcely  admit  air  or  water  to  pass 
through  it ;  insomuch  that  after  being  once  dried,  it 
may  be  placed  under  water  for  a  considerable  time 
without  being  affected  by  it.  It  is  therefore  often 
applied  by  the  streamers  to  resist  water,  and  if 
formed  into  a  basin,  will  hold  it  like  earthenware. 
By  the  weight  of  the  sand-banks  on  it,  it  is  so  com- 
pressed, that  when  taken  up  it  is  a  comparatively 
dry  mass.  It  is  in  and  Ay  this  silt  that  animal  and 
vegetable  substances  are  preserved,  and  it  is  to  the 
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greater  or  less  admixture  of  these^  that  we  must 
ascribe  the  variations  of  colour  in  this  stratum. 

There  has  been  recently  found  imbedded  in  the 
silt,  about  two  feet  from  the  top,  a  piece  of  oak,  that 
has  been  brought  into  form  by  the  hand  of  man ;  it 
is  about  six  feet  long,  one  inch  and  half  broad,  and 
less  than  a  half  an  inch  thick ;  this  is  the  greatest 
depth  at  which  I  have  ever  seen  any  converted  sub- 
stance. It  appears  to  have  floated  in  the  sea,  as  at 
one  end,  which  is  much  decayed,  a  small  barnacle 
has  fixed  its  habitation. 

d.  A  stratum  of  seasand,  about  four  inches  in 
thickness :  this  is  easily  distinguished  from  the  river- 
sand,  being  much  finer,  and  having  always  more  or 
less  shells  mixed  with  it.  It  is  remarkable  that  the 
water  which  drains  from  this  sand  is  nearly  as  salt 
as  the  sea,  whilst  all  the  water  above  and  below  it 
is  fresh. 

.  e.  Above  the  sea-sand  there  are  two  feet  more  qf 
silt.  About  the  middle  of  this  stratum  there  is 
imbedded  in  it  a  layer  of  stones  of  various  sizes  and 
forms,  and  of  different  degrees  of  hardness ;  they 
appear  to  be  conglomerations  of  sand  and  silt,  with 
sometimes  wood  and  bones :  and  are  found  only  at 
this  level,  all  over  the  stream-work. 

£  Another  stratum  qf  sea-sand,  twenty  feet  in 
thickness,  rests  on  the  silt.  In  all  parts  of  this  sand 
there  are  timber  trees,  chiefly  oaks  Jying  in  all  direc- 
tions ;  and  also  the  remains  of  animals,  such  as  parts 
of  the  red  deer ;  heads  of  oxen  of  a  different  de- 
scription from  any  now  known  in  Britain,  the  horns 

£  2 
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of  which  all  turn  downwards;  the  scapula  and 
humerus  of  an  animal  supposed  to  be  of  the  ox  tribe^ 
measuring  round  the  largest  part  twenty  inches: 
these  are  supposed  to  be  the  bones  of  an  ox  such  as 
is  now  in  existence  near  the  Cape  of  Good  Hope, 
Human  skulls  have  also  been  found  in  this  sand^ 
one  of  which,  supposed  to  be  either  African  or 
Asiatic,  I  beg  to  present  to  the  society,  with  other 
animal  remains,  &c.*  These  lay  near  the  bottom  of 
the  sand.  In  the  upper  part  of  this  stratum,  and 
about  two  hundred  fathoms  nearer  the  mouth  of  il)e 
harbour,  the  bones  of  a  large  whale  were  found, 
which  shew  that  at  the  time  they  were  conveyed 
here,  there  must  have  been  a  depth  of  water  in  the 
harbour,  sufficient  to  have  floated  such  an  animal 
into  it. 

The  sea  at  this  time  appears  to  have  extended 
nearly  a  mile  up  the  valley,  as  is  evident  from  the 
same  kind  of  sand  being  found  at  that  distance ;  but 
further  up  it  lessens  in  depth  from  the  acclivity  of 
the  land. 

After  the  sea  had  occupied  the  valley  long  enough 
to  raise  the  sea-sand  to  twenty  feet  in  height,  the 
sand  and  wash  from  the  hills  and  tin  stream-works, 
near  Hensburrow  and  St.  Austell  moors,  appear  to 
have  forced  the  sea  back  to  its  present  boundary,  froni 
which  it  is  still  retreating,  and  must  continue  to 

*  The  specimens  from  this  stntom  of  sea-sand  are, — No.  1^  the  humerus, 
and  No.  %  the  scapula  abovementioned.  No.  8,  Jaw  of  a  hog.  No.  4,  the 
sknll  abo?ementiotted.  No.  5,  radios  of  a  whale  (imperfect).  No.  6,  hnae- 
rns  of  a  whale.  Nos.  7—8,  phalanges  of  a  whale.  Nos.  »— 10,  large  bones^ 
supposed  of  a  whale.    Nos.  11—- 12,  stag's  horns. 
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retreat^  whilst  the  quantity  of  stones^  sand^  and  gra- 
vel, amounting  annually  to  many  thousands  of  tons, 
is  carried  down  by  the  St.  Austell  river  to  the  sea. 

g.  A  bed  of  rough  river-sand  and  gravel,  here 
and  there  mixed  with  seasand  and  silt.  This  bed  is 
also  about  twenty  feet  in  depth,  and  brings  us  to  the 
surface.  The  workings  being  now  at  the  mouth  of  the 
valley,  and  only  about  half  a  mile  from  the  present 
ordinary  flow  of  the  tide ;  there  is  here  more  sand  and 
less  silt  than  further  up.  There  have  been  recently 
found  in  this  sand  the  remains  of  a  row  of  wooden 
piles,  sharpened  for  the  purpose  of  driving,  which 
appear  to  have  been  used  for  forming  a  wooden 
bridge  for  foot  passengers :  they  crossed  the  valley, 
and  were  about  six  feet  long,  their  tops  being  about 
twenty  four  feet  from  the  present  surfiice — just  on 
a  level  with  the  present  low  water  at  spring  tides. 
Had  the  sea  level  been  then  as  now,  such  a  bridge 
would  have  been  nearly  useless. 

How  far  the  valley  of  Pentuan  once  extended 
towards  the  sea  is  a  mere  matter  of  conjecture :  but 
supposing  it  to  continue  at  the  same  declivity  as  the 
ground  between  St.  Austell  and  Pentuan,  viz.  forty 
fife  feet  to  a  mile,  it  must  have  continued  at  least  a 
mile  further  than  it  now  does,  to  allow  the  trees  to 
have  grown,  where  we  now  find  the  roots,  and  still 
further,  if  we  suppose  the  tin  ground  to  have  been 
lodged  in  its  present  bed  either  by  the  deluge  or 
some  other  violent  current.  The  sea  now  flows  forty 
eight  feet  higher  than  the  top  of  the  tin  ground. 

Happy-Union  stream-work  was  first  opened  in  the 
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year  1780.  In  the  course  of  a  short  time  it  was 
found  necessary  to  work  in  both  directions^  that  is  to 
say,  up  the  moor  towards  St.  Austell,  and  down, 
towards  the  sea ;  the  first  was  called  Wheal  Virgin, 
and  the  latter  Happy-Union.  The  two  works 
moving  in  opposite  directions,  their  distance  gradu- 
ally increased,  and  they  are  now  about  a  mile  asunder. 
In  Wheal  Virgin  the  tin  ground  is  only  thirty  two 
feet  from  the  surface.  The  tin  is  of  nearly  the 
same  quality  as  at  Happy-Union;  but  both  the 
pebbles  and  grains  of  tin  are  more  thinly  strewed, 
nor  is  the  tin  ground  of  so  great  an  average  thick- 
ness. The  overburthen  contains  no  sea-sand,  but  is 
composed  of  silt  and  river  gravel,  with  a  consider- 
able quantity  of  wood,  chiefly  oak  and  willow,  with 
the  roots  of  the  same  and  other  trees  in  all  places 
where  there  is  any  soil.  Very  recently  I  have  seen 
on  the  surface  of  the  tin  ground  two  small  pieces  of 
oak,  with  artificial  holes  in  them :  and  there  were 
near  them  several  oak  stakes,  sharpened  and  driven 
into  the  ground,  and  supported  by  large  stones. 
Near  the  same  spot  has  been  found  a  substance  re- 
sembling the  ashes  of  charcoal.  Here  it  is  evident  (to 
use  a  streamer's  phrase)  the  old  men  have  been ;  but 
whether  the  tin  ground  was  then  the  surface ;  or 
whether  they  went  down  by  the  aid  of  machinery, 
(it  being  under  the  present  sea  level),  must,  until 
we  see  more  of  it,  remain  undetermined. 

In  closing  this  paper  I  beg  to  observe,  that  where 
the  valley  is  narrowest  the  rock  on  each  side  is 
steepest ;  and,  both  on  the  sides  and  in  the  bottom. 
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harder  than  in  other  places.  Where  I  have  noticed 
the  tin  ground^  in  such  situations^  I  have  observed 
it  to  be  less  in  depths  but  richer  in  quality.  The 
rocks  and  veinnstones  of  which  the  tin  ground  is 
chiefly  composed^  being  also  larger  than  where  the 
valley  is  wider. 


iy. — Some  Observation  made  in  Cornwall,  in  the 

summer  qf  1829. 

By  JOHN  HAWKINg,  Esq.  F.R.S.,  Ac, 

VICE    PRESIDENT  dF  THE  SOCIETY^ 

(Read  October,  1829.) 


GThe  indulgence  with  which  all  my  former  commu- 
nications had  been  received^  encouraged  me  at  our 
last  anniversary,  to  lay  before  this  society  some 
general  views  of  the  structure  of  this  county,  and 
to  point  out  the  phenomena  which  more  particularly 
required  investigation.  The  dbject  of  my  present 
communication  is  to  accomplish  in  some  degree 
what  I  there  recommended,  and  to  shew  both  by 
the  manner  in  which  I  conduct  these  enquiries,  and 
by  the  attention  which  I  bestow  upon  them,  what 
we  may  reasonably  hope  to  see  effected  by  our 
tmited  labours. 

It  is  a  fortunate  circumstance  in  the  life  of  a 
g^didgist,  when  he  can  appeal  to  the  force  and  cor- 
rectness of  those  impressions,  which  were  made 
upon  him  at  an  early  period  of  his  life,  by  the  aspect 
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of  sach  a  country  as  this  is.  It  is  still  more  fortu- 
nate if  he  can  follow  up  a  pursuit  which  has  been 
commenced  under  such  favourable  auspices,  in  the 
very  country  which  gave  birth  to  it.  But  this  for* 
tunate  concurrence  of  circumstances  has  been  denied 
me,  and  I  can  now  only  resume  a  course  of  personal 
observations  which  was  too  soon  interrupted,  to 
permit  me  to  derive  any  material  advantage  from  it. 
Imperfect  however  as  these  early  labours  were,  they 
had  been  conducted  in  the  spirit  of  those  instruc- 
tions which  were  given  me  by  a  great  master,  and 
with  the  advantage  of  a  pretty  familiar  acquaintance 
with  the  geology  of  a  large  portion  of  Europe. 

In  the  memoir  to  which  I  have  alluded,  I  took 
a  comprehensive,  although  not  a  very  distinct,  view 
of  the  various  subjects  which  merited  investigation. 
My  position  is  now  changed,  and  those  objects  which 
at  a  remote  distance,  presented  only  some  general 
features  of  comparison,  resolve  themselves,  on  a  near 
approach,  into  distinct  masses  which  display,  when 
more  closely  examined,  all  the  marks  of  their  spe- 
cific characters. 

Directing  your  attention,  in  the  first  place,  to  the 
surface  of  this  country,  I  shall  point  out  to  your 
notice,  those  features,  which  I  conceive  to  be  the  most 
significant:  for  the  discrimination  of  forms  is  not 
one  of  the  least  of  the  duties  of  a  geologist,  and  a 
long  habit  of  observing  may  have  qualified  me  in 
some  degree  for  this  employment:  although  ita 
conveying  my  ideas  to  others  I  feel  the  defective 
nature  of  our  language  when  applied    to  subjects 
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of  t&is  kind,  and  must  eiltreat  your  induIgeH(ie» 
For  tbe  prfesenf ,  I  shall  conikie  myself  to  such 
observations  as  I  hare  made  en  the  sihte  district, 
and  shall  first  notice  its  very  great  unevenness.*  I 
have  seen  many  countries  which  abounded  more  m 
bold  declivities,  but  I  recollect  no  one,  which,  witir 
so  much  irregularity  in  its  profile  and  entfine,  is  » 
little  elevated.  Its  smooth  and  liidulatnig  surfaee 
presents  a  never  ceasing  interchange  of  lines  a&S 
angles,  from  which  the  eye  finds  no  rbHef  but  in  the 
contrast  afforded  by  the  few  level  spaces  which  occur 
in  the  openings  of  the  larger  vallies. 

In  countries  of  more  recent  formation,  such  aa 
those  of  the  lias-limestone  and  the  old  red  sandstone, 
the  summits  of  the  hills  suggest,  by  their  horizontdf 
level  at  a  corresponding  elevation,  some  idea  of  their 
former  continuity ;  but  here,  although  the  hilb  are 
so  closely  packed  together,  and  are  of  the  same 
character,  there  is  no  such  appearance  of  the&r 
original  connexion. 

Nor  have  we  any  examples  in  this  country  of  these 
projecting  and  retiring  angles,  the  angles  saKentes 
and  rentrantes  of  Bonguer,  which  are  so  retaariiable 
in  the  vallies  of  some  other  countries,  koA  are  ccfB- 
ceived  to  bear  the  marks  of  some  regulakr  law  ef 
their  formation.  As  far  thereficnfe  as  the  absence 
of  this  character  would  lead  us  to  form  any  eon-- 
elusion,  the  process  to  which  this  cotatry  owes  its 
configuration,  appears  to  have  been  of  a  diflSenent 

*    In  the  account  of  the  Ordnance  Survey,  it  ia  mentioned  that  no  baae  of 
verificalion  could  iraasibly  be  meaaured,  either  in  Cornwall  or  in  Devonshite. 
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),  ^Hkouf^  sufficiently  consisteiit  and  homoge- 
necHis.  Nor  will  the  view  which  I  have  here  taken 
cf  it  <be  invalidated  by  the  examination  of  its  interior 
atvncture. 

Tins  leads  me  to  the  consideration  of  a  subject^ 
4iv1»ch  since  my  arrival  in  diis  country,  has  very 
paiticidarly  engaged  my  attention.  I  allude  to  the 
Erection  and  in^ttaatien  of  those  stratified  masses 
of  rock  wliich  coiiq>ose  the  districts  ^f  slate,  both 
here  and  in  Devonshore.  Although  my  observations 
extend  only  over  a  small  pcMrtion  of  these  districts, 
yet  I  clearly  perceive  the  operation  of  some  law 
which  must  have  regulated  these  circumstances,  and 
I  must  abandon  the  notion  of  their  being  fortuitous. 
I  have  enjoyed,  perhaps,  more  favourable  opportu- 
nities *than  fall  to  the  lot  of  most  geologists  for 
making  these  observations,  having,  in  the  course  of 
the  last  sunmier,  passed  along  the  northern  as  wdl 
as  the  southern  skirts  of  Dartmoor,  and  this  too, 
with  all  the  facilities  afforded  by  an  open  conveyance. 
I  found  the  slate  beds  on  each  side  of  the  moor, 
invariably  dipping  in  the  opposite  direction  to  that 
of  the  granite  hills ;  for  instance,  their  underlie  on 
iiie  north-eastern  side  of  the  moor  was  to  the  north- 
east, and  on  the  north-western  side  of  it  to  the  north- 
west, and  the  same  rule  was  observed  in  the  underlie 
of  the  slate  which  bordered  on  the  southern  flanks 
of  tiiese  granite  hills,  although  there  its  direction  was 
generally  due  south.*    I  traced  the  same  regular 

*    In  «11  tibese  cases  the  mmgnctic  meridiaii  must  be  uuderstood. 
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underlie  of  the  slate  as  far  west  as  Liskeard,  but 
have  some  reason  to  doubt  its  extension  through 
other  parts  of  the  county,  for  southward  of  St. 
Austell  the  slate  underlies  to  the  north,  and  this 
is  its  position  in  a  very  considerable  district 
which  is  included  between  the  line  which  I  have 
mentioned,  another  line  drawn  from  St.  Austell  to 
Grampound,  another  from  Grampound  to  St.  Ewe, 
and  another  from  St.  Ewe  to  Pentuan.  Advancing 
westward  from  Grampound  there  is  an  interval  of 
about  two  miles  in  the  parish  of  Probus,  where  the 
slate  is  almost  vertical,  and  this  very  singular  position 
of  its  beds  has  been  traced  about  a  mile  southward. 
At  the  foot  of  Probus  hill,  however,  it  assumes  its 
usual  degree  of  inclination,  but  at  the  same  time 
very  materially  alters  its  line  of  bearing ;  the  slate 
here  underlying  to  the  south ;  and  this  direction  of 
its  underlie  continues  westward  as  far  as  Truro, 
and  southward  as  far  as  St.  Michael  Penkevil  and 
Lamorran,  where  it  underlies  to  the  south-east. 
The  underlie  of  the  slate  in  the  vale  of  Ladock  and 
Tresilian,  agrees  in  its  direction  with  that  which 
I  observed  near  Tregony,  but  in  most  cases  the  line 
of  bearing  oscillates  a  few  degrees  only  to  the  right 
and  left  of  the  general  direction  of  the  PeniniSula. 

To  complete  the  view  which  I  have  here  taken 
of  the  underlie  of  the  strata  which  have  more  par- 
ticularly passed  under  my  observation,  I  shall  avail 
myself  of  the  notices  which  I  collect  from  two 
papers  inserted  in  the  first  volume  of  our  Transac- 
tions, and  these,  although  few  in  number^  sufficiently 
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prove,  that  the  anomaly  which  I  have  ohserved  in 
the  line  of  bearing  of  the  strata  between  the  valley 
of  Probos  and  the  district  which  lies  directly  south- 
ward of  it,  extends  into  Roseland. 

I  have  been  able  to  make  few  observations  that 
can  be  depended  upon,  in  that  part  of  the  county 
which  lies  to  the  west  of  Truro :  I  may  be  permitted, 
however,  to  mention  one,  which  is  by  its  extent  of 
some  importance :  on  the  cliffs  below  Bosahan,  on 
the  southern  side  of  Helford  harbour,  I  remarked 
that  the  stratification  of  the  slate  perfectly  agreed 
in  its  line  of  bearing  with  that  which  I  observed 
with  a  telescope  in  the  cliffs  of  Mawnan,  which 
bound  on  the  north  the  entrance  of  that  harbour, 
and  that  the  underlie  of  both  is  to  the  south. 

I  shaQ  add  one  more  remark  on  the  subject  of  the 
underlie,  in  respect  to  the  degree  of  its  inclination, 
which  may  be  said  in  general  to  vary  little  from  an 
angle  of  ^5\ 

The  facts  which  I  have  here  collected,  are  the 
result  of  repeated  observations  which  were  made 
by  me  in  a  very  central  part  of  the  county,  and  not 
without  some  difficulty,  for  the  appearances  of  the 
slate  beds,  near  the  surface  of  the  ground,  are  very 
decej^tive,  and  it  was  not  until  I  had  examined  the 
deeper  sections  which  had  been  made  in  quarries  of 
some  extent,  that  I  discovered  how  necessary  it  was 
to  proceed  with  more  caution.  The  cause  of  this 
lies  in  the  very  singular  manner  in  which  the  slate 
beds  terminate.  It  is  natural  to  conceive  that  this 
would  be  in  the  same  line  as  that  of  their  underlie. 
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but  the  reverse  of  tliiB  as  inyariaibly  the  ease  ham, 
sad  the  j^MntteBen  deperves  a  very  paiticttbur 
fiotioe.  Let  us  suppose  a  case  whenetke  beds  dip  ia 
an  togle  of  45^.  to  the  'Sourtih :  at  the  depth  of  six  feet 
or  mere  from  tbe  surfaoe  ^  ike  ground,  these  beds 
beoaning  at  once  move  taper  mid  disjointed,  gradur 
ally  asstumean  mrerted,  then  anincluied,  position  to 
the  north,  and  sometinies  a  recunaba[it.one,  the  whole 
figure  of  tiieir  reeurvature  describing  iStke  line  of  a 
carter's  whip.  This  is  the  general  case  of  their 
reaction ;  but  frequently  they  ave  at  onoe  laid  pros- 
trate, and  appear  to  be  separated,  by  an  even  line, 
from  the  parent  beds.  In  a  few  instances,  at  1;he 
point  of  separation,  I  have  observed  these  terminal 
beds  to  assume  a  regular  xig'^zag  direction  for  a  few 
feet  upwards.  I  have  already  intimated  that  most 
of  my  observations  on  the  underlie  of  the  slate  were 
'made  in  a  central  part  of  the  county,  those  however, 
which  relate  to  the  very  singular  phenomenon  just 
described,  have  hitherto  extended  not  beyond  the 
idiatrict  between  St.  Austell  and  Truro. 
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Whilst  the  attention  of  this  society  has  been 
kurgdy  occnpied  by  the  ro<^  of  Cornwall,  the  rekis 
whodi  intersect  them,  the  beds  which  ecciur  between 
tiiem,  ftc.,  the  nasses  of  heterogeneous  matorialB 
which  are  found  in  the  lower  part  af  oor  Tallies  have 
perhaps  had  less  attention  than  they  deser¥e. 

In  describing  deposits  of  this  kind,  some  parts  ef 
which  appear  to  have  taken  place  nnder  very  diff- 
erent circumstances  from  those  to  whidi  the  olliers 
owe  their  formation,  it  is  idaiost  necessary  to  adopt  a 
Une  of  division  which  has  been  sancticmed  by  most 
geologists,  distinguidiing  those  parts  whidi  theie  is 
reason  to  consider  as  the  result  of  the  generri  deinge^ 
ftom  those  which  appear  to  have  been  caused  by 
snbsequoit  events,  such  as  partial  floods  and  iaoa-' 
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dations^  or  the  continual  currents  of  rivers^ — causes 
which  either  constantly  or  occasionally,  are  still  in 
operation.  To  the  former  the  term  diluvium  has 
been  given,  and  to  the  latter, — ^alluvium. 

The  tin  stream-works  of  Cornwall  furnish  many 
illustrations  of  this  division,  in  which  the  later,  or 
alluvial  deposit,  is  clearly  distinguishable  from  the 
primary,  or  diluvial  deposit. 

In  the  stream-work  which  I  now  present  to  the 
notice  of  the  society,  there  is  an  instance  of  the 
deposition  of  a  mass  of  stony  and  gravelly  materials, 
not  only  subsequently  to  the  diluvial  deposit,  but 
after  that  deposit  had  undergone  the  process  of 
streaming  for  tin. 

Drift  moor  forms  a  part  of  the  valley  which  opens 
at  Newlyn,  and  ascends  westward  and  north-west- 
ward by  Trereife,  Sarins  Bridge,  Nancothan,  and 
Drift.  Here  the  widest  part  terminates,  and  two 
smaller  vallies  open  from  it : — one  towards  the  north 
called  Tregavara  Bottom ; — the  other  towards  the 
north-west  called  Tregonhoe  Bottom.  The  river 
which  flows  through  Tregavara  Bottom  rises  near 
Lanyon  in  Madron,  and  runs  southward  under  the 
new  bridge  on  the  St.  Just  road.  The  north-western 
stream  rises  near  Botrea  in  Sancreed,  and  takes  its 
course  by  Trerice  and  Tregonhoe. 

The  whole  of  this  valley  from  Trereife  upwards, 
bears  the  marks  of  having  been  at  different  periods, 
extensively  streamed.  In  Tregavara  Bottom,  the 
heaps  in  the  valley,  as  well  as  the  barrows  on 
the  declivity  of  the  hill  called  Tregavara  Downs> 
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point  out  that  spot  as  one  which^  in  past  times^  has 
yielded  a  considerable  quantity  of  tin>  from  lodes  as 
well  as  from  streams.  At  present,  however,  scarcely 
any  thing  is  done  north  of  Drift  moor,  either  in 
streaming  or  in  mining. 

The  commencement  of  Drift  moor  stream-work 
on  the  north,  is  just  at  the  point  of  union  of  the 
two  before-mentioned  rivers,  where  the  two  small 
valleys  open  into  the  large  one.  This  point  appears 
to  have  been  its  richest  part,  for  although  the  tin 
ground  continued  down  the  valley,  and  has  been 
wrought  for  perhaps  half  a  mile  in  length,  it  was 
not  (as  far  as  can  now  be  ascertained)  either  so  exten- 
sive or  so  rich  as  at  the  northern  point. 

It  is  scarcely  to  be  doubted  that  this  valley  was 
explored  in  search  of  tin  at  a  very  remote  period. 
It  will  appear,  from  facts  which  will  presently  be 
adduced,  to  have  been  explored  at  a  period  earlier 
than  the  use  of  any  kind  of  machinery  in  mining ; 
and  from  other  circumstances,  it  seems  to  have  been 
again  explored  at  a  period  much  nearer  to  the  present 
time,  although  beyond  the  records  of  the  history  of 
such  events.  The  present  workmen  commenced  their 
operations  about  twenty  years  ago,  beginning  their 
work  further  down  the  valley,  and  proceeding  up- 
wards. They  continued  several  years  with  various 
success,  sometimes  finding  a  rich  bed  of  tin  ore  which 
had  escaped  the  notice  of  the  former  workmen,  but 
generaUy  employed  in  turning  over  the  heaps  from 
most  of  the  tin  had  been  already  extracted. 

At  length  they  came  to  a  spot  in  which  were 
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several  of  the  protubersncaes  known  by  the  name  of 
shambles,  by  which  the  ancient  workmen  threw  up 
the  ore  from  cast  to  cast,  until  it  reached  the  top* 
As  they  knew  this  was  the  most  ancient  mode  of 
working,  they  fondly  indulged  the  belief  that  no 
operations  had  taken  place  since  the  introduction  of 
any  kind  of  machinery ;  and  expected  to  find  a  body 
of  unexplored  and  ricbtin  ground,  especially  as  they 
had  just  before  discovered  what  they  believed  to  be 
the  commencement  of  a  rich  bed  of  tin  ore ;  but 
to  their  great  astonishment,  instead  of  realizing  the 
prize  which  their  sanguine  hopes  had  anticipated, 
they  burst  upon  an  ancient  water  engine,  buried 
in  the  alluvial  soil ;  a  discovery  which  entirely  blasted 
their  expectations. 

This  engine  was  a  machine  formerly  well  known 
in  Cornwall  under  the  name  of  a  rag  and  chain 
pump,  a  name  originally  given  to  it  because  it  was 
composed  of  bunches  of  rags,  fastened  at  certain  dis' 
tances  to  a  chain,  which  turned  on  two  small  wheds, 
one  at  the  bottom,  the  other  at  the  top  of  the  shaft, — 
the  latter  connected  with  a  large  water  wheel :  the 
water  of  the  mine,  absorbed  by  the  rags,  was  thus 
carried  to  the  surface.  Small  buckets  were  afterwards 
substituted  for  the  rags,  but  the  machine  retained 
its  original  name :  the  principle  is  nearly  the  same 
as  that  of  the  chain  pump  still  in  use  in  ships  of  war. 
Whoever  has  been  in  the  gardens  at  Versailles,  has 
probably  seen  an  engine  as  nearly  as  possible  on  this 
principle,  although  (ar  different  in  point  of  ekgaiiM- 
The  wheel  of  the  engine  at  Drift  moor  was  twelve  feet 
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in  diameter,  and  eight  inches  wide :  the  top  o^  it 
was  six  feet  below  the  surface  of  the  mass  of 
gravel,  &c. :  the  only  iron  in  the  whole  machine 
consisted  of  the  milliars  of  the  wheel, — two  bends 
on  the  axle, — ^and  the  chain  of  the  pump :  not  a 
single  iron  nail  or  bolt  was  found  in  any  part  of 
it :  the  different  parts  of  the  wheel  were  fastened 
together  by  wooden  pins.  The  pump  appears  to 
have  been  made  from  one  piece  of  timber  which  had 
been  sawn  in  two,  lengthways,  and  each  piece  had 
been  scooped  out,  so  that  when  united  they  formed 
a  tube  of  seven  inches  in  diameter :  these  parts  were 
also  united  by  wooden  fastenings,  without  any  iron, 
and  80  were  the  parts  of  a  wooden  shaft,  twenty 
four  feet  deep,  in  which  the  pump  stood,  which, 
when  discovered,  had  sustained  little  injury,  although 
it  was  filled  with  stones  and  gravel.  The  small 
buckets  fastened  to  the  chain  were  also  of  wood. 
All  these  circumstances  prove  this  machine  to  be  at 
least  from  one  to  two  centuries  old :  indeed  it  has 
been  scarcely  used  in  mines  since  the  early  part  of 
€ke  last  century.  Another  circumstance  in  favor  of 
its  antiquity  is  the  absence  of  all  tradition  of  the 
oeeurrence  of  so  singular  an  event  as  the  overwhelm- 
ing of  a  water  engine  by  a  mass  of  stones  and  gravel. 
Amongst  several  articles  which  have  from  time  to 
time  been  found  in  this  stream,  I  have  met  with 
three  copper  coins,  which  were  found  by  the  present 
streamers  in  the  rubbish  left  by  the  former  workmen ; 
but  on  one  only,  a  Portugal  coin,  is  any  part  of  the 
date  or  inscription  legible,  the  figures  169  are  very 
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distinct :  the  fourth  figure  is  wanting ;  but  no  stress 
whatever  can  be  laid  on  this  as  a  guide  to  the  period 
when  the  water  engine  was  probably  erected,  as  it 
is  very  possible  that  the  stream  has  been  partially 
explored  at  different  times  subsequent  to  that  period. 
From  the  engine  let  us  now  turn  to  the  recent  or 
alluvial  deposit,  which  must  have  been  lodged  there 
after  the  erection  of  the  engine :  it  consists  princi- 
pally of  stones  and  gravel,  with  a  small  mixture  of 
earthy  matter :  the  whole  probably  formed  a  part 
of  the  original  diluvial  detritus  in  the  higher  parts 
of  the  valley,  and  was  forced  downwards  by  a  great 
overflow  of  the  river :  this  appears  further  evident 
from  the  naked  masses  of  granite  which  occupy 
the  bed  of  the  river  above,  from  the  crevices  of 
which  the  gravelly  matter  seems  to  have  been  swept 
away.  It  rests  on  the  heaps  which  had  been  previ- 
ously explored  by  the  streamers.    Had  not  the  engine 

• 

been  discovered,  it  would  perhaps  not  have  been 
suspected  that  the  recent  deposit  was  different  from 
the  other,  as  the  latter,  having  been  previously 
turned  over,  had  lost  the  particular  marks  by  which 
it  might  have  otherwise  been  distinguished.  The 
greatest  depth  at  which  the  alluvial  mass  is  now  per- 
ceptible is  fifteen  feet ;  it  must  however,  have  been 
much  deeper  where  the  shaft  stood,  but  from  this  spot 
it  has  been  wholly  removed  by  the  workmen.  The 
line  of  division,  although  irregular,  is  perfectly  dis- 
tinct, the  oldest  being  of  a  much  darker  colour  than 
the  more  recent:  it  contains  a  few  scattered  tin 
stones,  not  worth  the  trouble  of  searching  for* 
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The  deposition  of  this  recent  body  must  have 
been  in  some  measure  gradual :  had  such  an  over- 
whelming mass  come  down  at  once^  it  must  have 
broken  the  fragile  machine  to  atoms :  on  the  con- 
trary, the  engine  was  found  in  the  situation  in  which 
it  had  previously  stood:  almost  every  part  in  its 
place,  and  very  little  disordered, — ^indeed  the  only 
injury  which  it  appeared  to  have  sufifered,  was  the 
fracture  of  some  of  the  buckets  of  the  wheel :  the 
pump  chain  was  also  wanting,  but  the  greatest  part 
of  it  was  afterwards  found  in  the  shaft.  If  however, 
the  engine  had  not  been  suddenly  inundated,  it 
would  have  been  removed  by  the  workmen :  it  is 
therefore  probable  that  the  excavation  in  which  the 
engine  stood  was  suddenly  filled  with  water,  but 
that  the  stony  and  gravelly  materials  were  gradually 
brought  down,  either  during  one  long-continued 
floods  or  by  the  force  of  successive  floods ;  the  for- 
mer is  the  most  likely,  as  there  are  no  marks  of 
stratification  which  intimate  different  periods  of 
deposition. 

Some  particulars  relative  to  the  most  ancient  part, 
or  the  diluvial  deposit,  now  merit  our  notice.  The 
excavation  made  by  the  workmen  has  an  irregular 
circular  form,  diminishing  in  space  as  it  descends. 
Its  depth  from  the  surface  is  about  forty  feet,  and  the 
bottom  is  clay,  or  fast  ground,  below  which  it  is  not 
expected  to  find  tin.  The  workmen  found  that  the 
ground  had  been  previously  explored  to  the  depth 
of  thirty  six  feet ;  they  have  therefore  gone  only 
four  feet  deeper  than  their  predecessors.    I  find  it 
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difficult  to  give  an  intelligible  description  of  the 
singular  position  of  the  tin,  and  the  clay  on  which  it 
was  found.  Form  an  idea  of  a  piece  of  level  ground 
whose  surface  is  clay,  on  which  is  deposited  a  bed  of 
tin  ore :  suppose  the  ground  underneath  to  give  way, 
no  matter  how,  just  in  the  centre  of  this  spot,  and  a 
cavity  to  be  made  at  the  surface,  somewhat  like  a 
funnel,  or  rather  a  basin :  the  clay  and  the  tin  would 
then  probably  be  found  reclining  on  each  side  of 
this  basin.  This  is  nearly  the  position  in  which 
they  are  actually  found  in  Drift  moor.  The  present 
excavation  has  a  wall  of  clay  on  every  part,  except 
towards  the  north,  (the  point  at  which  the  alluvial 
deposit  came  in).  This  wall  slopes  like  the  sides  of 
a  basin  from  the  surface  to  the  bottom.  The  tin  in 
those  parts  where  it  has  not  been  taken  away  by 
the  ancient  workmen,  has  been  invariably  found 
on  this  sloping  wall  or  bed  of  clay :  it  was  found 
as  high  as  within  a  few  feet  of  the  surface^ 
and  in  its  course  downwards  it  declined  according 
to  the  declination  of  the  clay.  The  middle  of  the 
basin  was  filled  with  detritus  containing  scarcely 
any  tin.  The  clay  is  not  every  where  of  the  same 
thickness,  nor  has  it  the  same  declination.  West- 
ward it  varies  from  seven  to  twelve  feet,  and 
declines  at  an  angle  of  about  52^  Eastward  it 
is  thicker,  being  twelve  feet  at  the  surface,  and 
declines  at  an  angle  of  about  SS^'.  Southward 
it  is  much  slighter.  On  the  outside  of  the  clay 
walls,  the  stony  and  gravelly  matter  is  found  as 
deep  as  within  the  basin.    At  the  depth  of  forty 
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feety  as  has  been  already  observed^  the  bottom  is  all 
clay,  and  there  of  course  is  the  termination  of  the 
stream-work  in  depth.  It  is  to  be  especially  noticed 
that  the  bed  of  tin  resting  on  the  clay,  is  no  thicker 
at  the  bottom  of  the  basin  than  on  the  sides^ 
being  about  four  feet  of  good  tin  ground^  and  a  few 
feet  of  what  is  inferior. 

From  the  whole  of  these  circumstances/  we  shall 
be  almost  led  to  the  conclusion  that  some  parts  of 
this  valley  (for  the  clay  is  found  in  the  same  position 
in  other  parts  of  it)  have  sunk  since  the  period  when 
the  tin  was  deposited  on  the  clay>  and  what  gives 
stronger  probability  to  this  supposition^  is  the  fact 
that  the  stones  which  abound  in  the  clay  are  found 
not  on  their  flat  part,  but  oa  their  edge. 

No  animal  or  vegetable  remains  have  been 
discovered  in  this  valley  by  the  present  workmen } 
nor  was  this  to  be  expectedi  as  their  operations  have 
not  been  carried  on  in  undisturbed  alluvial  beds,  but 
have  been  confined  to  a  spot  which  had  been  previ- 
ously and  perhaps  successively  explored^ 

In  conclusion  I  may  perhaps  be  allowed  to  remark 
that  the  stream-works  of  Cornwall  appear  to  me  to 
be  most  decidedly  opposed  to  the  doctrine  that  "  all 
''  the  changes  which  have  taken  place  on  the  earth's 
^  surface  have  arisen  from  causes  which  are  still 
*^  in  operation.''  They,  on  the  contrary,  furnish  the 
strongest  proof  of  one  sweeping  inundation,  the 
effects  produced  by  which  have  never  been  repeated 
by  any  subsequent  flood.  In  many  of  these  deposits 
there  are  several  alluvial  beds  resting  on  the  diluvial 
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detritus:  in  Pentuan  there  are  even  beds  of 
marine  origin ;  but  where  is  the  tin  ?  only  in  the 
very  lowest  part  of  the  primary  deposit^  and  resting 
immediately  on  the  solid  strata  of  the  earth.  None 
of  the  more  recent  beds  have  such  an  accompani- 
ment :  no  secondary  deposit  has  ever  been  found, 
the  lowest  part  of  which  is  a  bed  of  tin  ore. 

Whilst,  therefore,  we  have  evidence  before  us 
of  a  succession  of  floods,  we  have  evidence  equally 
strong  of  a  great  and  general  inundation,  which 
must  have  extended  to  the  highest  points  where  tin 
existed,  as  well  as  to  the  valleys:  and  from  the 
almost  total  absence  of  tin  in  the  mass  which  is  now 
found  to  rest  on  the  primary  diluvium,  we  may  infer 
with  an  able  writer,  that  such  a  deluge  has  never 
occurred  since. 

I  am  well  aware  that  abundant  proofs  of  this 
might  easily  be  adduced  from  other  sources ;  but 
those  which  I  have  now  alluded  to,  appear  to  arise 
naturally  out  of  the  subject  of  the  present  com- 
munication. 


VI.— On  some  of  the  Deposits  qf  StreafA  Tin-OfS 
in  Cornwall,  with  i^etnarks  on  the  Theoty  qf  thai 
Formatidn. 


By  Mr.  W.  J.  HENWOOD,  F.  G.  S.i 


MEMBER  OP  THE  SOCIETY. 


(Read  in  1828  and  1889.) 


I  beg  to  offer  to  the  notice  of  the  society  the  result 
of  some  observations  on  certain  stream-works,  which 
I  have  examined,  with  a  few  considerations  on  the 
generally  received  theory  of  their  formation. 

Camon  stream  is  situated  very  near  the  extremity 
of  a  navigable  branch  of  the  lFal,  which  re6eives 
several  rivulets  arising  in  the  hills  of  Stythians  and 
Gwetanap.  Some  of  the  hills  of  Stythians  are  of 
granite,  others  of  clay-slate,  and  in  a  few  of  them 
there  is  a  junction  of  both  these  rocks.  Bot  few 
mines  have  yet  been  worked  there,  and  but  little  Ore 
of  any  description  has  been  hitherto  found  in  them* 
In  various  parts  of  the  vale  between  Carndn  and 
Stythians  search  has  been  made  fbr  stream  tin-ore^ 
bat  with  little  success. 

VOL.  IV.  n 
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The  composition  of  the  Gwennap-hills  is  similar 
to  that  of  those  in  Stythians,  and  probably  no  spot 
in  the  world,  of  equal  extent,  has  afforded  a  larger 
quantity  of  metalliferous  minerals.  Here  are  the 
Consolidated  and  United  mines,  Poldice,  Huel 
Unity,  Huel  Gorland,  Huel  Damsel,  and  many  other 
well  known  tin  and  copper  mines,  all  of  which  are 
from  three  to  five  miles  from  Carnon.  At  the 
distance  of  two  miles  are  Bal-dhu  and  Huel  Hope 
mines,  which  have  afforded  blende  in  abundance ; 
and  galena  has  been  found  in  the  immediate  vicinity 
of  the  stream-work.  The  hills,  which  bound  the 
Gwennap  vale,  are  precipitous,  but  not  craggy ;  and 
the  declivity  from  the  mines  to  Carnon  is  about  3^. 
from  the  horizon.  At  Carnon  the  vale  is  not  less 
than  three  hundred  yards  in  breadth,  the  hills  on  the 
south  being  rather  steep,  whilst  on  the  north  their 
declivity  is  very  gradual.  A  section  of  the  deposit 
in  this  place  presents  the  following  beds, — beginning 
from  the  top. 

a.*  Sand  and  mud;  the  rirer  wasb;  in  two  beds.       3  feet. 

2.  Silt  and  shells ....  three  successive  beds  • ...  10  inches. 

3.  Sand  and  shells  (a  stream  of  fresh  water  per- 

colates this  bed) Sfeet. 

4.  Silt three  beds 12  feet. 

5.  Sand  and  shells 3to4  feet. 

6.  Silt  mixed  with  shells  in  large  quantities 12  feet. 

7.  Silt  in  some  places  containing  stones ....   18  to  22  feeC 


*.  The  letters  prefixed  to  the  several  beds  denote  their  beings  in  my  opiaioBy 
contemporaneouB  with,  or  continiiatioiui  of,  the  beds  in  the  other  stresni*worics, 
to  which  the  Mme  letters  are  prefixed.  The  figures  denote  the  beds  whose 
identity  is  probable,  but  not  so  erident. 
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b.  Wood,  mosSy  leaves,  nuts,  &c.,  all  of  a  dark 

colour,  much  resembling  what  has  been 
charred ;  a  few  oyster  shells ;  animal  re- 
mains, those  of  the  deer  being  most  abun- 
dant, and  some  human  sculls  ...........    1  ft.  6  in. 

Towards  the  sea  the  bed  6  entirely  disappears ;  giving  place 
to  7,  which  reposes  on 

c.  The  tin-ground,  which  consists  of   rounded 

masses  of  tin-ore,  in  some  cases  unmixed 
with  any  other  substance,  in  others  in  a 
matrix  of  quartz,  and  quartz  and  schorl 
(caple)  with  rounded  stones  of  slate,  granite 
and  quartz,  varying  in  thickness  from  a  few 
inches  to  twelve  feet. avrg.  4  ft. 

Below  this  is  the  shelf,  which  is  dirty  white  and 
pale  blue  clay-slate,  traversed  by  veins  of  clay  and 
soft  quartz,  containing  iron  pyrites  and  blende. 
When  the  shelf  is  white  and  soft,  the  tin-aground  is 
deeper  (thicker),  and  of  better  quality  than  else- 
where ;  but  that  part  of  it,  which  is  nearest  the  shelf, 
is  not  usually  the  richest ;  and  that  found  in  the 
depressions,  or  pits  in  the  shelf,  (called  by  the 
streamers  whirls)  is  frequently  the  poorest :  these 
pits  are  not  more  numerous  in  soft  than  in  hard  shelf 
Neither  copper  nor  lead  ores  have  been  found  in  the 
Unbound,  although  small  pieces  of  blende  some- 
times occur,  and  minute  and  perfect  cubes  of  iron 
pyrites  are  frequent.  The  upper  surface  of  the  tin- 
ground  is  perfectly  smooth,  and  its  gradual  declina- 
tion towards  the  sea  conforms  to  that  of  the  vale. 
In  several  places  a  bed  of  sand  or  gravel  intervenes 
hetween  the  higher  and  lower  portions  of  the  tin- 
gromd,  at  about  four  feet  above  the  she^^;  the  por- 

n2 
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tion  >?hich  rests  on  the  sand  is  usually  loose,  poor, 
and  of  large  sjtones ;  whilst  beneath  it,  the  tin-ground 
is  mostly  rich,  and  occasionally  pemented  by  ferrugi- 
nous matter.  I  have  never  seen  or  heard  of  organic 
remains  in  the  tin-ground,  either  beneath  or  above 
the  sand.  In  one  spot  the  tin-ground  was  found  to 
have  been  previously  worlced,  but  no  tradition  of 
the  period  has  descended  to  us;  and  although  a 
mound  would  have  been  required  to  prevent  the 
influx  of  the  tide,  yet  no  traces  of  such  an  erection 
have  ever  been  observed ;  the  only  discovery  in 
these  antient  workings  being  a  shovel  made  of  wood, 
and  a  pick  of  horn.  The  tin-ore  was  found  in 
the  largest  quantity  at  the  two  points,  where  the 
Sty  thians  vale  and  a  glen  called  Smelting-house  vale, 
open  into  the  Garnon  vale ;  although  very  little  has 
been  discovered  in  either  of  the  two  former  previous 
to  such  union.  The  pebbles  of  tin-ore  are  much 
larger  towards  the  sea,  than  further  up  the  vale.  In 
one  spot  a  patch  of  slate  of  some  hundred  feet  area, 
which  appeared  to  be  unconnected  with  the  shelf, 
reposed  on  the  tinrground. 

All  the  following  are  situated  on  a  plain  at  the 
foot  of  the  Hengsborough  chain,  and  on  the  north- 
eastern side  thereof,  and  occur  in  a  vale  which 
descends  south-east  from  Roche. 

Merry-meeting  stream,  in  the  Fore-moor,  parish 
of  Roche,  in  section,  exhibits 

.     a.     Mud»  apparently  mixed  with  decaying  vegeta- 
bles  2to8ft. 

1.    Oravely  granitici  resembling  the  adjacent  strata      2  feet. 
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2*     Silt,  mica  dissemminated  in  decayed  vegetable 

matter • 4  to  6  ft, 

6.  Granitic  stones,  gravel,  and  sand,  indiscrimi- 
nately mixed  with  siit, — nuts  frequently  oc- 
cur in  this  stratum 4  feet. 

3.  Vejz^etable   matter,   provincially  denominated 

fon,  seemingly  resembling  the  vegetable 
now  growing  on  the  surface,  mixed  with 
moss,  grass,  and  sand.  The  vegetable  sub- 
stances having  the  charred  appearance 
before  mentioned 1  foot. 

4.  Silt,  apparently  containing  vegetable  remains       1  foot 

5.  Vegetable  remains  (like  No.  3,)  having  the 

charred  appearance 1  to  3  ft. 

6.  Vegetable  matter  resembling  the  preceding, 

but  that  it  passes  into  silt 8  to  10  in. 

e,  TiH^round,*the  tin-ore  being  but  little  rounded , 
and  in  the  state  of  sand  and  small  pebbles. 
It  is  mixed  with  quartz,  granite,  and  schorl- 
rock.  Where  the  substratum  is  softest 
the  tin-ore  is  of  the  best  quality,  and  is 

found  in  the  largest  quantity 4  to  30  ft. 

The  ikeif  is  disintegrated  (or  rather  friable)  granite,  which, 

to  a  depth  of  twenty  feet,  or  more,  is  sometimes  impregna* 

ted  w|th  tin-ore. 

In  some  parts  of  this  stream-work  the  tin-ground 
is  horizontally  divided  by  the  interposition  of  a  bed 
of  friable  granite ;  in  the  spots  which  I  have  seen, 
it  seems  a  mere  projection  of  the  stratum  by  which 
the  tin-bed  is  laterally  bounded,  and  in  no  instance 
which  I  observed,  did  it  extend  more  than  ten  feet 
from  the  main  body  of  the  rock. 

Soci,  BeU,  or  Mulinnis  moor,  in  St.  Austle,  pre- 
sents on  section  similar  phenomena  in  every  respect, 
biit  that  the  tin-ore  is  more  abundant  than  at  Merry- 
meeting. 

*    Bocks  of  quarts  of  enormous  sise  are  of  frequent  occurrence ;  some  of 
tiiem  as  mnch  as  fifteen  ftet  square. 


62        Mr.  W.  J.  Hbnwood,  an  same  of  the 

The  tin-bed  of  Grave  stream-work,  at  St.  Austle, 
at  one  hundred  and  fifty,  or  two  hundred  yards, 
from  its  lateral  termination,  is  horizontally  divided 
for  about  thirty  feet  in  breadth,  by  a  bed  of  friable 
granite,  which  is  almost  identical  in  composition 
with  the  lawer  shelf,  and  is  about  nine  feet  in  thick- 
ness. This  bed,  technically  denominated  ^  false  shelf, 
was  not,  when  I  saw  it,  apparently  connected  with 
any  other  body  of  granite.  The  tin-ore  beneath  it 
is  principally  in  the  state  of  small  pebbles ;  it  is 
about  twenty  feet  in  thickness,  and  in  one  spot  I 
observed  it  much  mixed  with  granitic  clay. 

At  Levrean,  in  St.  Austle,  the  breadth  of  the  tin- 
bed  is  about  forty  feet,  and  its  thickness  about  seven 
feet.  The  granite  on  each  side  projects  in  such  a 
manner,  as  to  divide  that  deposit  horizontally  for  a 
very  large  space,  into  nearly  equal  parts.  At  the 
out  crop  of  the  upper  portion  of  the  tin-bed,  it  is 
covered  by  but  little  alluvium;  but  of  the  lawer 
part  the  lateral  termination  to  the  north  has  not  been 
discovered,  although  many  excavations  have  been 
made  in  that  direction,  some  of  which  have  been 
extended  several  fathoms. 

WtUer-gate  stream-work,  in  St,  Austle,  affords  a 
section  of 

a.  Mud  mixed  with  granitic  sand  and  grayel. ...  5  feet. 

1.  Fine  granitic  sand 2  or  a  in. 

2.  Silt  apparently  containing  decayed  vegetables  2  ft.  Oin. 

3.  Fine  granitic  sand  (as  No.  1,) 2  or  3  in. 

4.  Silt  similar  in  appearance  to  No.  2 3  feet. 

h.  Silt,  sandy  gray  el,  and  large  stones,  indiscrimi- 
nately mixed •  •  3  feet. 
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S.    Vegetable    matter  (fen,)    passing  into    Silt 
in  the  lower  part;  similar  to  6  and  6  in 

Merry-meeting 5  to  6  fl. 

c.  The  iin-grumnd*  the  ore  being  in  the  state  of 
sand  and  pebbles,  the  latter  larger  than  at 

Merry-meeting 2  to  20  ft. 

The  ihtlf  is  of  friable  granite,  harder  than  that  in  those  be- 
fore mentioned.  It  is  observed  that  where  the  shelf  is 
most  elevated,  there  is  a  depression  of  the  fm-'hed; 
both  causes  thus  simultaneously  operating  to  diminish  the 
thickness  of  the  tin-bed. 

A  section  of  Pendelow  stream*work,  in  St.  Austle, 
affords 

a.  Granitic  sand  and  gravel •  12  feet. 

1.  Silt  apparently  of  vegetable  matter 1  foot 

2.  Granitic  sand 4  feet. 

3.  Vegetable  remains,  resembling  No.  5,  of  the 

preceding  sections ;  but  being  less  compact 

it  is  penetrated  by  the  sand 2  feet. 

k    Silt,  sand,  and  gravel,  indiscriminately  mixed        2  feet. 

5.  Vegetable  matter  (fen,)  in  every  respect  simi- 
lar to  bed  No.  5,  of  the  preceding  sections        4  feet. 

c.  The  tm-gromnd,  but  the  tin-ore  is  not  abundant; 
the  upper  part  for  two  feet  in  depth,  con- 
tains much  less  than  that  which  is  beneath  it      5  feet. 

The  skeifis  granite  in  a  state  of  disintegration,  but  it  is  less 
friable  than  that  of  any  of  those  before  mentioned.  This 
is  in  the  centre  of  the  roie. 

I  notice  the  various  stream-works  in  the  order  in 
which  they  occur  in  the  vale;  Merry-meeting  heing 
nearest  to  the  head  of  the  vale^  and  Pendelow  nearest 
to  its  lower  extremity,  from  which  it  is,  however,^ 

*  A  Btone  of  felspar  and  schorl  was  met  wiCh  at  a  place  where  the  tin-bed 
wu  ibont  six  feet  thick,  and  at  the  distance  of  three  feet,  another :  the  two  on 
heing  placed  in  contact yS^^ed  exncHy,  the  prominent  parts  of  one  into  the  Tacn- 
ititt  of  the  other.   Both  occurred  in  the  tin-grownd. 
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very  distant.  They  are  all  in  the  same  vale,  and, 
undoubtedly,  on  the  continuation  of  the  same  bed 
of  tin-ore ;  but  a  small  vale  opens  into  it  from  the 
north,  in  which  a  tin-bed  has  been  extensively 
worked  in  several  streams.  In  this  occurs  Broad- 
water  stream-work,  Luxullion^  of  which  a  section 
presents 

a.    Granitic  san  J  .... ^ 6  to  7  ft. 

6.     Mud,  apparently  of  vegetable  origin ;  mixed 

with  much  granitic  sand  and  gravel 4  to  5  ft. 

5.     Vegetable  remains,  resembling  No.  6,  of  the 

preceding  sections 4  to  5  ft. 

c.  The  tin-ground ;  the  tin-ore  being  in  the  state  of 
small  pebbles,  some  of  which  are  but  little 
rounded.  As  at  Grave  and  Merry-meeting, 
the  tin-bed  is  sometimes  divided  by  the  in- 
tervention of  a  bed  of  friable  granite ;  and 
as  at  the  latter,  numerous  large  blocks  of 
quart!  repose  on  it ;  beneath  these  the  oc- 
currence of  tin-ore  is  not  abundant 7  feet. 

The  shelf  is  of  soft  granite. 

At  a  spot  in  Luxullion,  called  Savarth^  situated 
on  a  small  eminence,  and  immediately  adjacent  to 
Broad-water  on  the  north/  tin-K)re  is  in  a  few  spots 
found  in  the  vegetable  mould ;  and  abundantly  in 
friable  granite,  at  less  than  one  foot  in  depth. 
It  resembles  that  of  Broad-water,  and  is  equally- 
rounded.  At  Polskeys,  a  similar  spot,  bounded  on 
the  north  by  Broad-water,  and  on  the  south  by 
Merry-meeting,  and  the  other  streams  before  men- 
tioned, a  bed  of  stream  tin-ore,  about  twelve  feet 
in  thickness,  enters  the  friable  granite,  and  is  seen 
for  some  distance  beneath  it 
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At  Trehfjt  in  St.  Columb-minor^  in  a  bed  of  tin-ore 
of  small  thickness^  covered  by  about  eight  or  ten 
feet  of  silt^  vegetable  matter,  sand  and  vegetable 
mould,  various  antiquities  have  been  discovered; 
viz.  celts,  corresponding  in  shape  with  some  figured 
by  Borlase.^  They,  as  well  as  some  brooches,  coins 
and  small  rings,  all  discovered  in  the  tin-bed,  appear 
to  be  made  of  brass.  A  slight  crystalline  incrustation 
was  perceptible  on  one  or  two  of  the  coins,  similar 
to  that  observed  by  Mr.  Carne,f  and  Dr.  John 
-Davy.;];  I  suspect  the  coins  to  have  been  Roman. 
The  rings,  perhaps,  were  the  magic  rings  of  the 
Drulds,§  and  the  brooches  seemed  to  be  such  as  we 
are  told  they  used.||  Traces  of  previous  operations 
were  discernible  in  several  parts  of  this  tin-bed. 

I  feel  much  diffidence  in  offering  remarks  on  the 
generally  received  opinion  of  the  stream-tin  forma- 
tion ;  and  I  should  probably  have  entirely  suppress- 
ed this  part  of  my  communication,  had  it  not  been 
for  the  kind  encouragement  of  several  distinguished 
geologists. 

1.  The  occurrence  of  tin-ore  near  the  surface  in 
veins,  which  at  greater  depths  afford  the  ores  of  other 
metals,  to  the  entire  exclusion  of  those  of  tin,  is  by 
no  means  unfrequent.  But  the  quality  of  the  tin-ore 
found  in  the  stream-works  is  very  considerably  supe^ 
nor  to  that  of  the  produce  of  veins  at  small  depths. 

2.  The  ores  of  copper  and  zinc  occur  in  much 

•    Antiquities  of  Cornwall,  Plate  XX.  Fig.  8. 
t    Cornwall  Geo.  Trans,  vol.  III.  p.  143.         t    Phil.  Trans.  182G. 
§    Borlaae,  Antiqaities,  p.  147.        ||    Ibid,  p.  121. 
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larger  quantities  than  those  of  tin,  in  the  mines 
near  Carnon ;  lead-ore  is  also  found  in  the  vicinity, 
and  small  pieces  of  gold  have  been  frequently  met 
with  among  the  tin-ore  of  Carnon.  If  the  tin-ore 
were  originally  formed  in  the  veins,  and  brought 
from  thence  by  aqueous  action,  can  any  sufficient 
reason  be  given  for  the  absence  of  copper,  lead,  and 
zinc  ores  from  the  tin-bed  of  Carnon  ?  It  may  be 
replied  that  they  have  been  decomposed,  and  have 
passed  off  in  solution.  But  a  few  pieces  of  blende 
have  been  found  among  the  tin-ore ;  and  the  prin- 
ciple of  galvanic  protection,  announced  by  the  late 
Sir  Humphry  Davy,  (that  when  different  metals  are 
submitted  to  oxidizing  influence,  that  which  has  the 
smallest  affinity  for  oxygen  is  protected  from  its 
action,  at  the  expense  of  the  one  most  readily  com- 
bining with  that  element,)  suggests  that  if  the  ores 
of  copper  had  ever  existed  in  Carnon,  decomposition 
would  naturally  have  taken  place  first  on  the  zinc 
ores,  and  that  the  copper  would  have  remained  till 
after  their  disappearance.  Moreover,  whence  comes 
the  gold  so  frequently  found  in  stream-works? 
None  has  ever  been  found  in  the  mines  of  Cornwall. 

3.  Some  of  the  tin-beds  are  horizontally  divided 
by  beds  of  friable  granite  (fahe  shelf).  If  we  imagine 
the  portion  ahanoe  the  granite  to  be  the  diluvium,  we 
are  at  a  loss  when  attempting  to  attribute  the 
lower  part  to  the  same  cause ;  and  if  we  consider  the 
lower ^  the  diluvium,  what  can  we  say  of  the  upper  ? 

4.  If  the  tin-ore  found  in  stream-works  were 
torn  from  veins  in  the  neighbourhood  by  diluvial 
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aetioD,  an  immensely  larger  mass  of  the  contiguous 
strata  must  have  heen  simultaneously  removed ;  but 
of  such  substances^  the  quantities  occurring  in 
stream-works^  bear  but  a  small  proportion  to  the 
masses  of  the  tin-beds. 

5.  Of  the  streams  which  fall  into  Carnon,  none 
rise  more  than  eight  miles  therefrom,  and  most  of 
the  tin-mines  in  the  vales  through  which  they  flow, 
are  not  more  than  four  miles  distant.  However 
favourable  to  attrition  the  circumstances  attending 
the  removal  of  tin-ore  by  diluvial  action  for  so  small 
a  distance,  I  hold  it  difiScult  to  imagine  the  possi- 
bility of  their  being  rounded  by  that  means.  More- 
over^ we  may  suppose  that  the  violence  of  a  torrent, 
which  would  fracture  and  transport  so  great  a  mass 
of  solid  rock,  would  not  be  the  most  likely  to  induce 
a  rounded  form,  on  the  fragments  it  removed ;  but 
would  probably  rather  shatter  them  into  smaller 
pieces,  still  of  angular  and  irregular  forms. 

6.  It  is  also  inconsistent  with  the  idea  of  diluvial 
action,  that  the  pits  in  the  shelf,  already  described, 
are  not  more  numerous  nor  larger  where  it  is  soft, 
than  where  its  materials  are  of  greater  hardness. 

7.  The  substances  falling  from  suspension  in  a 
liquid,  must  either  subside  in  the  order  of  their 
specific  gravities,  or  not.  That  the  former  does  not 
obtain  appears  from  the  contents  of  the  pits  being 
frequently  poor  and  light ;  and  that  the  reverse  does 
not,  to  the  full  take  place,  is  evident,  as  organic 
remains  do  not  occur  in  the  lower  portions  of  the 
tin-beds. 

i2 
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8.  On  the  tin-ground  in  Carnon  (and  also  in  the 
upper  portions  of  some  other  beds  in  which  the  tiih- 
ore  is  not  abundant)  occurs  a  mixture  of  granitic^ 
slaty,  and  quartzose  stones  and  pebbles,  with  trees^ 
their  branches  and  leaves,  nuts,  shells,  human  sculls, 
and  the  remains  of  deer.  So  heterogeneous  a 
mixture,  I  imagine,  cannot  have  been  caused  by 
any  flood  of  which  we  have  had  the  opportunity  of 
witnessing  the  operations;  and  I  am,  therefore, 
disposed  to  consider  these  the  true  diluvium. 

9.  Unfractured  crystals  of  tin-ore  and  quartz  are 
not  unfrequent  in  tiu-beds,  among  rounded  masses 
of  the  same  substances.  If  the  rounded  form  be 
caused  by  attrition,  to  what  can  we  attribute  the 
preservation  of  the  angles  of  the  perfect  crystals  ? 

10.  The  debris  brought  down  by  the  torrents 
from  the  hills,  would  at  first  be  deposited  in  the  vales, 
and  probably  on  the  alluvium  they  then  contained. 
As  the  inundation  advanced,  so  in  proportion  would 
it  subside  further  and  further  up  the  hills'  sides ; 
until  at  length  the  total  submersion  of  the  land 
would  terminate  these  hill-torrents.  But  before 
their  entire  cessation,  vast  currents,  sweeping  over 
immense  surfaces,  and  of  which  eminent  geologists 
have  traced  the  directions,  would  have  obtained. 
Their  powers  of  abrasion  were  probably  much 
inferior  to  the  torrents,  and  their  operations  would, 
I  imagine,  have  been  confined  to  the  summits  and 
elevated  parts  of  hills,  and  the  vales  parallel  to 
the  direction  of  their  currents;  saving  only  the 
effect  which  the  action  of  eddies  would  have  pro- 
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duced  near  the  gorges  of  vales  having  a  direction 
transverse  to  the  course  of  the  stream.  These 
would^  doubtless,  have  materially  modified  the  posi- 
tion and  form  of  the  diluvium  of  the  torrents ;  not 
only  on  elevated  spots,  but  in  the  parallel  vales  and 
other  places,  to  which  1  have  already  alluded,  and 
may  satisfactorily  account  for  the  general  absence  of 
stream  tin-ore  on  the  higher  parts  of  the  hills :  for 
great  stress  ought  not,  perhaps,  to  be  placed  on 
its  occurrence  in  two  or  three  instances.  But  as 
these  remarks  are  not  applicable  to  large  portions 
of  transverse  vales,  and  as  the  subsidence  of  the 
diluvial  waters  was  gradual,  and  consequently  did 
not  induce  violent  currents  on  the  hills'  sides,  I  do 
not  see  any  theoretical  deduction,  which  leads  to  an 
explanation  of  the  general  absence  of  stream  tin  in 
considerable  quantities  on  the  declivities  of  many 
of  our  hills.* 

The  foregoing  facts  and  arguments  lead  nie  to  the 
conclusion,  that  of  our  large  deposits  of  stream  tin- 
ore,  the  lower  portions  are  of  ante-diluvial  formation ; 
whilst  the  higher  parts  of  them,  with  the  whole  of  some 
of  smaller  extent,and  the  mixture  of  trees,  nuts,  leaves, 
9XoA,  gravel,  pebbles,  &c.,  are  the  true  diluvium. 

I  forbear  to  offer  many  reasons  of  minor  weight 
which  are,  perhaps,  already  sufficiently  obvious,  as 
I  have  now  to  apologise  for  the  prolixity  of  these 
excursive  remarks. 

*  The  immeiiflely  larger  qnantities  of  stream  tin- ore  found  in  vales  opening 
to  the  sea  on  the  south  and  south-east,  than  in  those  of  which  the  lower  termi- 
natioiis  are  on  the  north  and  north- west,  must  be  obviens  to  the  most  superficial 
observer. 


VII. — On  the  State  of  our  Tin-Mines,  at  different 
periods,  until  the  commencement  of  the  Eighteenth 
Century. 


By  JOHN  HAWKINS,  Esq.  F.R.8.,  &c. 


VICE-PRESIDENT  OP  THF.   SOCIETY. 


(Read  October,  18S0.) 


In  a  preceding  communication^  which  has  been  read 
before  this  society,  and  has  since  appeared  in  their 
transactions,  I  have  traced  the  uninterrupted  working 
of  our  tin-mines  during  the  decline  and  fall  of  the 
Roman  Empire,  and  throughout  the  whole  period 
of  the  middle  ages.  The  evidence  of  this  very  im- 
portant historical  fact  is  principally  founded  on  the 
uses  of  tin,  and  on  the  demand  for  it,  combined  with 
the  remarkable  circumstance,  that  Cornwall,  during 
the  above  period,  was  the  only  country  which  pro- 
duced that  metal. 

Having  demonstrated  in  this  way,  the  working  of 
our  tin-mines,  for  so  long  a  series  of  ages,  I  shall 
now  endeavour  to  point  out  the  fluctuations,  which 
have  occurred  in  their  prosperity. 
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I  shall  commence  the  enquiry  hy  observing,  that 
in  the  absence  of  almost  all  periodical  records  of  the 
produce  of  these  mines,  we  must  be  content  with 
drawing  our  inferences,  chiefly  from  such  historical 
notices  as  have  any  direct,  or  indirect,  bearing  on  the 
question  before  us;  but  without  pushing  these  infer- 
ences any  farther  than  the  premises  would  warrant, 
or  in  other  words,  indulging  in  mere  conjecture. 

It  is*  evident,  I  think,  that  the  demand  for  tin, 
while  it  kept  pace  with  the  progressive  civilization 
of  Europe,  must  have  varied  with  the  political 
circumstances  of  the  times.  A  state  of  war,  for 
instance,  between  England  and  France,  or  the 
neighbouring  countries,  would  occasion  a  temporary 
interruption  of  this  commerce,  and  check  the  pros- 
perity of  the  mines ;  while  a  long  continuance  of 
peace,  and  commercial  treaties,  such  as  those  which 
Henry  the  Third  concluded  with  the  island  of 
Gothland,  and  Edward  the  First  with  the  Hanseatic 
towns,  must  have  greatly  promoted  it. 

An  important  change  too,  must  have  taken  place 
in  the  state  of  our  mines,  when  Cornwall  ceased  to 
form  a  portion  of  the  Royal  domains,  and  became 
vested  in  the  eldest  son  of  the  monarch.  A  still 
greater,  and  a  more  favourable  change,  when  a  code 
of  mining  laws  was  enacted,  and  a  court  established 
for  the  local  decision  of  all  mining  causes.  Lastly, 
it  18  fair  to  conclude,  that  the  right  of  preemption, 
which  was  occasionally  assumed  and  abused  by  the 
Duke  of  Cornwall,  must  have  had  some  influence  on 
our  mining  system. 
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The  result  of  the  preceding  inquiries  has  shewn^ 
that  the  use  of  hells  constituted  the  chief  demand 
for  tin,  during  the  middle  ages ;  and  that  a  great 
revolution  in  this  trade  must  have  taken  place  in  the 
I3th  century,  when  a  new  demand  for  it  was  created 
by  the  employment  of  cannon.  After  that  period, 
the  very  rapid  advance  of  the  civilization  of  Europe, 
must  unquestionably  have  multiplied  the  uses  of  this 
metal  to  an  astonishing  degree,  and  given  a  new 
impetus  to  mining  speculation.  It  is  to  this  impetus, 
occasioned  by  the  increased  civilization  of  Europe, 
that  we  must  attribute  most  of  the  improvements 
which  have  taken  place  in  the  art  of  mining,  and  in 
the  processes  of  smelting.  We  owe  many  of  these  to 
Germans,  and  a  few  of  them  to  our  native  ingenuity, 
particularly  the  most  important  one  of*  all — the 
employment  of  steam. 

Having  thus  taken  a  general  view  of  the  subject 
which  is  proposed  for  this  inquiry,  I  shall  proceed  to 
examine  the  sources,  from  which  a  more  positive 
knowledge  of  the  history  of  our  tin*mines  may  be 
derived. 

To  begin  with  the  period  of  the  Romans.  How- 
ever regardless  they  appear  to  have  been  of  the 
interests  of  commerce,  it  is  certain  that  they  con* 
sidered  mines  in  a  financial  point  of  view,  and  that 
in  every  country  which  they  had  subdued,  they 
encouraged  the  active  working  of  them.  We  read 
of  a  Comes  Metallorum,  and  of  a  College  of  Miners ; 
and  the  traces  of  a  very  enlightened  system  of  open- 
ing and  conducting  them,  may  be  perceived  in  all 
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those  ancient  mines^  which  are  decidedly  of  this 
^och.  There  are  numerous  examples  of  Roman 
pigs  of  lead  with  inscriptions  on  them^  which  have 
been  found  in  Derbyshire^  in  Flintshire,  and  in  other 
parts  of  the  island,  where  lead-mines  have  existed ; 
which  shew  the  result  of  this  policy ;  and  there  is 
reason  to  think  that  they  had  worked  some  mines 
of  English  iron. 

It  is,  therefore,  not  probable  that  after  the  con^ 
quest  of  the  southern  part  of  this  island,  the  Romans 
should  not  have  directed  their  early  attention  to  a 
province,  which  having,  for  so  many  ages,  supplied 
all  the  world  with  tin,  was  capable  of  contributing 
so  largely  to  their  fiscal  revenue.  Nor  is  the  fact, 
which  wc  are  thus  induced  to  admit  on  such  indirect 
evidence,  without  some  better  support ;  for  there  are 
well  authenticated  instances  of  the  discovery  of 
Roman  coins  in  our  old  tin-mines  and  stream-works. 

I  suspect  that  most  of  those  very  ancient  works 
of  fortification,  which  are  scattered  over  the  southern 
parts  of  this  county,  derive  their  origin  from  the 
Romans :  and  both  the  position  of  these  works,  in 
regard  to  each  other,  and  their  number,  lead  me  to 
suppose  that  they  must  have- been  constructed  with 
a  view  to  secure  the  revenue,  which  they  derived 
from  these  valuable  mines  and  stream-works.  I 
refer  to  the  thirty-first  sheet  of  the  Ordnance  map  of 
England  for  the  facts  upon  which  I  found  this  con- 
jecture ;  and  the  connexion  between  the  tin-mines 
and  stream-works,  and  these  fortifications,  seems  to 
be  confirmed  by  the  discovery,  made  a  few  years  ago, 
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at  the  distance  af  about  a  furlong  from  one  of  thenv 
called  Castle  Zen,  or  Zends,  in  the  parish  of  Yeryan^ 
of  a  bloek  of  tin  of  a  singular  form,  which  has  on  it 
an  inscription  in  Roman  letters* 

The  successors  of  the  Romans  were  too  far  behind 
them  in  the  scale  of  civilization,  to  uphold  their  sys- 
tem of  civil  administration ;  and  the  arts  of  mining, 
as  well  as  of  agriculture,  must  have  declined,  until 
the  general  introduction  of  Christianity,  ^nd  the 
active  intercourse  which  took  place  with  the  capital 
of  the  christian  world,  had  established  a  better  order 
of  things.  Such  was  the  civil  condition  of  the 
Saxons,  when  Athelstan  extended  their  conquests 
over  the  south-western  parts  of  the  island ;  but  we 
have  no  evidence  of  their  attention  to  mining  affairs  t 
nor,  while  the  Danes  continued  to  make  their 
predatory  descents,  could  the  miners  have  held  any 
intercourse  with  foreign  merchants,  or  have  found 
means  to  dispose  of  their  produce.  But  the  Norman 
conquerors,  by  uniting  all  the  parts  of  the  island 
under  one  government,  restored  this  commercial 
intercourse ;  and  it  was  then,  if  not  before,  that 
the  Jews  settled  here,  and  eventually  became  the 
monopolizers  of  this  lucrative  trade. 

It  is  not  easy  for  us  to  decides,  whether  such  a 
state  of  things  was  prejudicial  or  advantageous 
to  the  tin-mines ;  although  the  immense  riches  which 
Richard,  King  of  the  Romans,  is  said  to  have 
derived  from  them,  would  lead  us  to  suppose  that 
they  were  very  flourishing  at  that  period.  The 
Jews  indeed  were  stigmatized  as  usurers,  and  thekr 
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bairishment  under  Edward  the  First,  anno  1290, 
was  in  consequence  of  the  religious  feelings  of  the 
people,  a  measure  of  great  popularity;  but  it  proved, 
nevertheless,  very  injurious  to  our  mining  interests  ; 
for  the  Jews  appear  to  have  heen  the  smelters  of  our 
tin,  as  well  as  its  exporters ;  and  the  complaints 
which  were  made  by  the  principal  lords  of  the  lands 
which  abounded  in  tin,  together  with  the  loss  which 
was  sustained  by  the  Earl  in  his  revenues,  after ^t£eir 
departure,  when,  as  Carew  says,  the  mines  were  left 
unwraught,  are  said  to  have  induced  Edmund,  Earl 
of  Cornwall,*  son  of  Richard,  King  of  the  Romans, 
to  grant  the  tinners  a  charter,  with  sundry  privileges^ 
among  which  was  that  of  a  separate  jurisdiction. 
In  Carew's  time  this  charter  was  no  longer  in 
es^istence :  **  howbeit,"  says  he,  *'  I  have  learned,  that 
in  former  time,  the  tinners  obtidned  a  charter  from 
King  John,  and  afterwards  another  from  King 
^  Edward  the  First,  (vhich  were  again  expounded, 
^  confirmed  and  enlarged  by  Parliament,  in  the 
''fiftieth  year  of  Edward  the  Third,  and  lastly 
^  strengthened  by  Henry  the  Seventh,  who  granted 
^  that  no  new  laws  affecting  the  tinners,  should  be 
"  enacted  by  the  Duke  and  his  council,  without  the 
^  consent  of  twenty-four  persons,  called  stannators, 
^  chosen  six  out  of  each  of  the  four  stannaries,  or 
^  mining  districts,  into  which  the  county  of  Corn- 
''  widl  was  divided  \^  and  in  this  manner  the  tinners 
successively  obtained  all  those  privileges  and  immu- 

*    Wh»  ffoooededhiaftfthAr  i»  te  year  UTS.    TIm  Charter  iiv:w  giaatAl 
inltOS.    Vide  Tonkin's  MSS. 
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nities^  which  have  conduced  so  much  to  the  stability 
of  the  tin-mines. 

There  can  be  no  doubt  that  the  intercourse,  which 
Edward  the  First  (1303)  promoted  and  encouraged 
with  the  Hansetowns,  must  have  given  a  new  life,  as 
well  as  a  new  direction,  to  the  commerce  of  tin ;  that 
metal  being  one  of  the  articles  of  national  produce, 
which  the  merchants  of  those  towns  were  allowed  to 
export  from  England.  It  has  also  been  proved  in 
another  place,  that  Bruges  became  the  great  entrepot 
of  this  commerce,  and  that  it  long  continued  to  be 
so,  until  an  intercourse  was  opened  by  sea  with  the 
great  commercial  republics  of  Italy. 

But  I  must  recur  to  some  other  political  circum^ 
stances,  which  have  had  an  influence  in  promoting 
or  retarding  the  mining  prosperity  of  this  country ; 
and  one  of  the  most  important  of  these  is  the 
royalty  of  mines. 

Although,  in  modern  times,  the  Sovereigns  of 
Europe  have  assumed  an  exclusive  right  to  all  the 
mines,  which  are  discovered  in  their  dominions ;  yet 
it  is  certain  that  this  right  was  never  exercised  by 
the  Romans.  By  the  Roman  law,  the  mines  belonged 
to  the  owner  of  the  soil  in  which  they  were  found> 
and  in  uncultivated  districts  every  one  was  at  liberty 
to  open  them  on  his  own  account.  A  tax  only  on 
their  produce  was  -payable  to  the  state.  The  right 
of  the  Sovereign  to  all  metals,  or  what  is  called  the 
royalty  of  the  mines,  appears  to  have  originated  in 
the  constitutional  form  of  the  empire  of  the  Franks, 
although  it  was  not  generally  exercised  until  a  muth 
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later  period.  In  process  of  time^  it  was  gradually 
assumed  or  usurped  by  all  the  feudatory  Princes  of 
the  German  Empire^  as  they  succeeded  in  establish- 
ing their  independence ;  and  it  has  since  then  been 
either  formally  or  tacitly  conceded  to  them. 

A  right  so  distinctive  of  feudal  sovereignty,  could 
not  fail  to  become,  sooner  or  later,  tlie  acknowledged 
law  of  Europe.  It  was  first  established  in  this 
island  by  its  Norman  conquerors,  whose  successors 
appear  to  have  exercised  it  under  some  limitations, 
which  were  dictated  by  their  policy,  and  well  calcu- 
lated to  mitigate  its  severity.  With  regard,  however, 
to  the  tin-mines  of  Cornwall,  it  was  soon  found  to  be 
both  useless  and  impolitic  to  exercise  this  preroga- 
tive, and  it  was  tacitly  permitted  to  lapse  to  those 
who  by  the  law  of  nature  were  best  entitled  to  it. 

The  right  of  preemption,  nevertheless,  which  is 
founded  on  the  royalty  of  the  mines,  was  reserved 
by  the  Duke  of  Cornwall  as  a  part  of  his  preroga- 
tive, and  has  never  been  formally  abandoned.  Its 
exercise  has  been  often  oppressive,  of  which  Carew 
mentions  an  instance  that  happened  in  the  reigns  of 
Edward  the  Sixth,  and  Queen  Mary ;  but  the  par- 
ticulars are  set  forth  more  at  length  in  Beare's  SISS. 
and  nearly  in  the  following  words.  Gilbert  Brook- 
hause  obtained,  for  a  great  sum  of  money,  by  a  grant 
of  Edward  the  Sixth,  a  lease  of  the  Prince's  right 
of  preemption  of  the  tin  in  Cornwall  and  Devon, 
for  a  certain  term  of  years.  This  person  associated 
with  him  Thomas  Raydon,  and  soon  appointing  both 
aa)e  aQ4  price,  monopolized  the  whole  trade.    The 
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tinners  deprived  of  the  advantage  of  ready  money, 
and  oppressed  by  the  lowness  of  the  price,  obtained 
redress  in  the  first  year  of  Queen  Mary.  Bat  it 
appears  that  the  Queea  still  reserved  the  right  of 
preemption ;  Brookhause  losing  his  cause,  by  a  clause 
in  the  grant,  which  stated,  that  should  the  tinner's 
interest  be  prejudiced  thereby,  the  lease  should  be 
forfeited. 

At  the  time  when  Carew  compiled  his  Survey  of 
Cornwall,  the  tin-trade  was  in  the  hands  of  the 
London  merchants,  who  appear,  by  his  account,  to 
have  carried  it  on  in  a  way  very  oppressive  to  the 
gentry,  as  well  as  to  the  miners.  The  former,  he  tells 
us,  if  they  wanted  money  for  a  journey  to  London, 
were  obliged  to  borrow  it  of  the  tin-merchants,  with 
whom  they  were  connected ;  upon  which  occasion 
a  bond  was  given  by  them  for  the  delivery  of  a 
thousand  tin  at  the  next  coinage,  for  every  twenty 
pounds  received  in  money ;  although  the  price  was 
usually  from  three  to  five  pounds  sterling  higher. 
On  the  other  hand,  the  tinner,  when  he  wanted 
money,  obtained  it  from  the  agents  of  the  London 
merchants  in  Cornwall,  upon  terms  apparently  fair, 
but  in  reality  still  more  oppressive ;  for  although  he 
entered  into  an  engagement  to  return  the  lender  as 
many  thousands  of  tin  as  the  money  should  amount 
to,  according  to  the  price  agreed  upon  at  the  coin* 
.age ;  yet  he  was  under  the  necessity  of  receiving  a 
considerable  portion  of  this  money  in  meat  and 
clothing,  which  articles  in  the  settlement  of  accounts 
were  charged  at  double  their  value.    Nor  were  the 
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nuning  labourers  in  a  better  condition ;  for  Beare, 
after  enumerating  all  the  wants  of  the  tinner,  and 
giving  a  statement  of  his  small  wages,  exclaims,  in 
the  simplicity  of  his  heart,  *  O  God !  how  can  this 
man  prosper ! ' 

Such  was  the  state  of  the  mining  interest  here 
towards  the  close  of  the  sixteenth  century,  when 
Carew  compiled  his  Survey ;  but  this  was  upon  the 
eve  of  a  great  change  for  the  better :  for  in  the  year 
1601,  there  seems  to  have  been  both  in  and  out  of 
Parliament,  a  great  cry  against  monopolies,  and  a  bill 
was  brought  in  for  the  purpose  of  restraining  the 
royal  prerogative  in  certain  cases  of  letters  patent. 
In  Townsend's  account  of  the  proceedings  of  the 
four  last  Parliaments  of  Elizabeth,  there  is  a  report 
of  the  debate  which  took  place  upon  that  occasion, 
when,  upon  an  allusion  being  made  to  the  monopoly 
of  tin.  Sir  Walter  Rawleigh  said,  ''  I  am  urged  to 
'^  speak  in  two  respects :  the  one,  because  I  find 
^  myself  touched  in  particular ;  the  other,  in  that  I 
take  some  imputation  and  slander  to  be  offered  unto 
Her  Majesty,  I  mean  by  the  gentleman  that  first 
**  mentioned  tin :  for  that  being  one  of  the  principcd 
**  commodities  of  this  kingdom,  and  being  in  Corn- 
''wall,  it  hath  ever  (so  long  as  there  were  any) 
^  belonged  to  the  Dukes  of  Cornwall,  and  they  had 
*  special  patents  of  privilege :  it  hath  pleased  Her 
Majesty,  freely  to  bestow  on  me  that  privilege 
and  that  patent ;  being  word  for  word  the  very 
same  the  Duke*s  is.  And  because,  by  reason  of 
my  office  of  Lord  Warden  of  the  Stannaries,  I 
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"  can  sufficiently  inform  the  house  of  the  state 
"  thereof,  I  will  make  bold  to  deliver  it  unto  you. 
**  When  the  tin  is  taken  out  of  the  mine,  and  mol- 
*'  ten  and  refined,  then  is  every  piece  containing  a 
hundred  weight,  sealed  with  the  Duke's  seal.  And 
by  reason  of  this  privilege  (which  I  now  have)  he 
had  the  refusal  in  buying  thereof,  for  the  words  of 
the  patent  are.  Nisi  nos  emere  voluimus.  Now  I 
will  tell  you,  that  before  the  granting  of  my  patent, 
'*  whether  the  tin  were  but  at  seventeen  shillings^ 
^  and  so  upward  to  fifty  shillings  a  hundred,  yet  the 
**  poor  workman  never  had  but  two  shillings  a  week, 
"  finding  himself.  But  since  my  patent,  whosoever 
"  will  work,  be  tin  at  what  price  soever,  they  have 
"  four  shillings  a  week  truly  paid :  there  is  no  poor 
"  that  will  work  there,  but  may,  and  have  that  wages. 
*'  Notwithstanding,  if  all  others  may  be  repealed,  I 
**  will  give  my  consent  as  freely  to  the  cancelling  of 
"  this,  as  any  member  of  this  house.''  Townsend 
calls  this  a  sharp  speech,  and  notices  the  great 
silence  which  ensued. 

The  right  of  preemption  continued  to  be  exer- 
cised in  the  following  reign  :  but  it  was  not  then  in 
*  the  hands  of  such  a  patriot ;  and  as  is  usually  the 
case  with  all  those  restraints  on  commerce,  which 
have  the  vices  of  a  monopoly,  it  was  evaded.  An 
instance  of  this  is  mentioned  in  a  letter  from  the 
Lords  of  the  Council  to  Sir  Thomas  Roe,  our 
Ambassador  at  Constantinople,  which  is  printed  in 
Sir  Thomas's  negociations. — 
^  After  our  hearty  congratulations^  Whereas,  com- 


Tm-Mines  at  different  periods.  81 


€€ 
€t 
€€ 
t€ 


€€ 
€€ 
€€ 
€€ 
€t 
U 
€€ 
€€ 


plaint  hath  been  made  to  the  Prince  his  highness, 
and  this  board,  by  the  farmers  of  the  preemption 
of  tin,  that  both  His  Majesty  suffereth  great  loss 
in  his  eastoms,  and  that  they  are  very  much  hind- 
ered by  the  secret  exportation  of  tin  in  slabs, 
^  yessel  in  thick  moulds,  and  into  bars ;  whereof  a 
great  part  is  (as  we  are  informed)  brought  to  the 
ports  of  Constantinople,  Aleppo,  and  Smyrna: 
although  we  have  taken  the  best  course  we  can 
here  for  the  remedying  of  this  abuse ;  yet  we  have 
thought  good  to  pray  and  require  you  to  take 
special  care,  that  when  any  ships  shall  arrive  in 
those  parts,  you  cause  diligent  search  to  be  made 
for  such  tin,  brought  without  the  licence  of  the 
*'  farmers ;  and  if  any  shall  be  found,  to  seize 
*'  the  same,  satisfying  the  mariners  for  it,  in  some 
''  reasonable  way ;  but  not  so  as  that  they  may  be 
"  encouraged  to  use  the  like  fraud  afterwards. 
'^  Wherein,  as  in  all  other  things  committed  to  your 
"  charge,  we  do  refer  ourselves  to  your  approved  wis- 
**  dom  and  discretion.''  Whitehall,  June  26th,  1624. 
Here  we  have  another  instance  of  the  injurious 
exercise  of  this  privilege ;  for  it  is  evident  that  if 
the  price  of  tin  at  home  had  borne  any  reasonable 
proportion  to  that,  which  it  then  amounted  to  in 
foreign  markets,  no  such  illicit  trade,  as  is  here 
described,  could  have  existed. 

Although  the  demands  of  the  market,  in  those 
times^  may  be  supposed  to  have  been  pretty  steady ; 
yet  either  the  discovery  of  new  and  more  productive 
mines,  or  of  new  improvements    in  mining  and 
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mH^X^mgf  9iay  have  QCMsi<me4  a  surplus  oi  tio^ 
IKToduice  at  p^articular  perio4Si  and,  in  such  cases,  a 
great  depressi^ii*  Ip  MQuergeiusies  like  t^ese  it  was 
natural  to  suppose,  that  the  Crows,  by  the  judkious 
exereise  of  its  prerogative,  loight  afford  rdief. 
Hmce  arose  several  petitions,  some  of  which  were 
complied  with ;  but  the  good  wbieh  was  then  ^eted 
was  but  temporary,  because  the  privilege  was  exer- 
cised either  without  judgement,  or  abused.* 

Having  considered  the  political  causes,  which 
have  had  some  influence  on  our  mining  prosperity,  I 
^all  proceed  to  notice  the  epochs  of  those  improve- 
meats,  which  have  taken  place  in  our  machinery, 
our  processes  of  smelting,  and  the  mode  of  working, 
as  far  at  least  as  they  can  be  traced  in  the  very  few 
manuscripts  and  printed  works,  which  treat  of  thi» 
county. 

Our  monarchs  appear,  at  a  very  early  period,  to 
have  been  impressed  with  a  notion  of  the  superior 
skill  of  the  Germans,  in  the  arts  of  mining  and 
metallurgy ;  and  an  instance  is  given  in  the  Fcedera, 
of  a  licence,  or  passport,  granted  by  Henry  the 

*  If  to  the  various  causes  wbicH  I  have  pointied  out,  of  the  tttternate  pnop- 
perity  and  decline  of  our  tin-mines,  I  could  add  an  account  of  their  absolute 
produce  at  various  periods,  little  would  be  vran|ing  to  complete  theii  hisfcoiy* 
It  is  probable  that  some  valpablc  information  of  this  kioil  might  be  supplied 
by  the  records  of  the  Dutchy ;  and  the  labour  of  investigation,  were  it  under- 
taken by  a  native  of  Cornwall,  would  be  well  requited.  All  that  I  can  obtain 
ftlMQ  printed  aatlioritieab  if  ^$  fol)oivs.  In  the  44th  of  ISiizfdlwtili,  ateeop^Ung  to 
Dodridge,  thp  coinage  duty,  on  the  tin,  ifi  the  County  of  Corn'Virall,  amoqnted 
to  £  2,602  10«.  M.  As  the  duty  was  then  forty  shillings  on  eveiy  thousand. 
Hie  whole  qu^tity  of  tin  raiaed,  in  that  ye^x,  must  have  been  1,2M  thousands. 
Of  62S  tana. 
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Fo«rtb,  in  the  year  14102,  to  three  persons,  under 
whom  were  thirty  others,  all  of  Mrhom  were  coming 
hither  from  Bdhemia,  Hungary,  Austria,  and  Mysia, 
fer  the  purpose  of  being  employed  in  the  royal 
mhies.  German  miners  likewise  Were  invited  by 
Queen  Eliaabeth  to  cotaie  dver  to  this  kingdom,  some 
in  the  thirds  and  others  in  the  serentfa  year  of  her 
reign.  But  although  there  are  a  few  terms  of  Ger- 
man origin  in  the  language  of  our  miners  to  justify 
the  supposition,  we  are  not  informed  that  atiy  of  the 
above-mentioned  persons  were  sent  into  Comv^alL  It 
is  probable,  however,  that  the  royal  patronage  which 
was  given  to  these  foreigners,  and  the  report  of  their 
superior  skill,  may  have  induced  Sir  Francis  GodoU 
phin  to  send  for  the  person,  who  is  mentioned  by 
Carew  under  the  name  of  Burehard  Craneigh ;  by 
the  aid  of  whom  were  ejected  all  those  important 
improvementa^  which  he  notices  in  the  management 
of  the  great  tiurworks,  belonging  to  that  gentleman. 
The  stamps,  which  he  describes  as  being  then  in 
ase,  and  which  are  undoubtedly  a  work  of  German 
invention,  appear  to  have  been  but  recently  intro* 
duced ;  for  we  find  that  they  had  not  wholly  super- 
seded the  use  of  the  crazing  mill.  I  suspect  too, 
that  the  use  of  charcoal  was  adopted  at  this  time, 
for  the  fusion  of  tin,  in  the  place  of  turf,  which  is 
motioned  as  the  usual  fuel  fot  that  purpose,  in  the 
Chatter  of  Edward  the  First,  anno  1305,  and  which 
eotttinued  to  be  so  used  till  the  reign  of  Elizabeth. 
WiMhont  doubt  the  improvements,  which  were 
inlroAiced-  by  9nx  Francis  Oodol]phin,  constitute  an 
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important  era  in  the  history  of  Cornish  mining :  they 
appear^  however,  to  have  heen  confined  to  the  pro- 
cesses of  dressing  and  fusing  the  tin- ores;  at  least 
no  notice  is  taken  hy  Carew  of  any  other.  It  would 
be  interesting  to  know,  when  the  pump  was  first 
applied  to  the  drawing  of  water  out  of  our  mines ; 
for  the  work  of  Agricola  must  have  made  it  known 
sometime  earlier  than  the  period  here  mentioned. 
A  step,  no  less  important,  was  gained  by  the  intro- 
duction of  the  art  of  blasting  rocks ;  but  this  is  of 
a  much  later  date,  for  I  believe  it  cannot  be  traced 
in  this  county  higher  than  the  beginning  of  the  last 
century ;  which  is  a  century  later  than  the  period  of 
.its  invention  in  Germany.  It  was  most  probably 
first  introduced  into  this  kingdom  by  Prince  Rupert, 
who  must  have  been  well  acquainted  with  the  mode 
of  working  the  mines  of  Germany,  and  for  some 
years  directed  the  affairs  of  the  society  of  the  mines 
royal.  The  practice,  however,  of  blasting  may  have 
found  its  way  here  indirectly,  either  from  Ecton  or 
the  Peak ;  and  the  following  particulars,  which  I 
have  extracted  from  some  letters,  which  were  written 
to  me  in  the  year  1792,  by  my  friend  the  President, 
while  they  point  out  the  value  of  traditional  records, 
will  shew  how  early  we  had  directed  our  attention 
to  these  subjects  of  enquiry. 

June  3rd.  ''  On  the  subject  of  blasting,  what  I 
have  been  able  to  pick  up,  is  far  from  satisfactory. 
I  only  learn,  in  general,  that  it  was  first  introduced 
by  a  German,  and  used  at  St.  Agnes.  It  strikes  me 
as  highly  probable,  that  this  German  was  Becher. 
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If  I  can  collect  any  information  at  St.  Agnes,  where 
I  may  possibly  go  in  the  course  of  the  summer^  it 
shall  be  sent  you.  By  means  of  my  enquiries  about 
blasting,  a  curious  piece  of  intelligence  has  come  to 
my  knowledge^  respecting  the  manner  in  which  hard 
ground  was  spent,  previous  to  the  use  of  gunpowder. 
It  seems  that  they  bored  iioles,  in  the  same  manner 
as  at  present,  excepting  that  the  bit  terminated  in  a 
quadrangular  point,  instead  of  the  single  edge.  Into 
these  holes  were  put  two  semi^ylindrical  rods  of 
iron,  or  steel,  called  feathers,  just  of  an  equal  length 
with  the  hole ;  and  then  a  steel  wedge  of  the  same 
length,  was  driven  between  the  flat  sides  of  the  two 
feathers,  which,  sufiBcient  care  having  been  taken  to 
bore  the  hole  obliquely,  broke  off  the  rock  piece- 
meal. This  wedge  was  called  a  tearer.  When  the 
ground  was  more  than  usually  hard,  they  had  no  other 
resource,  than  to  wear  away  the  face  of  the  rock,  in 
the  same  way  as  masons  cut  stone  for  building.  A 
large  quantity  of  these  feathers  and  tearers  were 
found  at  Balanoon,  in  Lelant;  but  unfortunately 
they  have  been  all  converted  intp  gads/' 

August  17th.  Speaking  of  a  conversation,  which 
he  had  held  with  an  old  man,  called  William  Hockin, 
on  the  subject  of  Wheal  Fortune  mine,  he  says, 
'^  The  account  this  man  can  give  concerning  the 
practice  of  blasting  is  not  very  particular.  He  has 
heard  that  it  was  introduced  by  the  Germans,  and 
that  all  other  improvements  in  mining  came  from 
their  country ;  but  he  does  not  know  the  time  when, 
or  by  whom.    He  once  worked  in  a  mine,  which 
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appeared  to  hare  been  left  (^,  on  account  of  the 
hardness  of  the  ground,  before  the  use  of  blasting ; 
where,  by  the  help  of  powder,  they  paid  one  half 
tribute,  and  gained  £S.  3s.  Od.  a  month.  He  has 
heard,  that  Poldice  mine  was  worked  by  the  father 
of  the  present  old  Mrs.  Hearle's  husband,  and  that 
at  that  time,  there  was  no  better  machine  for  draw- 
ing the  water  than  a  chain  pump.  He  remembers 
the  first  whim  ever  built  in  this  part  of  the  county, 
on  Wheal  Fortune.  The  engine  there  was  the  third. 
I  am  in  great  hopes  of  getting  some  good  account 
of  blasting  from  an  old  nmn  in  Zennor ;  but  I  have 
not  been  able  to  meet  with  him." 

Sept.  22nd.  "  I  have  seen  the  old  man  from  Zennor, 
and  although  the  information  he  has  to  give,  is  far 
short  of  what  we  hope  to  procure,  yet  even  this  little 
may  be  esteemed  curious.  He  remembers  having 
heard  from  his  father  and  other  old  men,  that  blasting 
had  been  first  introduced  by  Germans,  into  the  eastern 
part  of  this  county ;  and  that  it  was  brought  to  the 
west  (i.  e.  Lelant,  Zennor,  and  St.  Ives)  in  their  time, 
by  two  eastern  men,  called  Bell  and  Case,  and  was 
used  by  them  in  Trevigha  bal ;  and  that  they  affected 
to  keep  the  mode  of  operations  secret,  suffering  no 
one  to  see  them  charge  the  holes;  till  a  man  of 
Zennor,  hiding  himself  upon  a  bolt,  saw  what  they 
were  about.  This  he  thinks  must  have  happened 
about  ninety  years  ago.  He  observes  that,  for  a 
long  time,  baked  clay  was  constantly  used  for  taiBp- 
ing,  till  at  last  other  materials  were  found  to  ftnewer 
ju9t  as  welL" 


Titt^Mines  at  different  periods.  87 

Great  changes  were  wrought  in  all  our  mining 
concerns  by  these  successive  improvements;  but 
towards  the  close  of  the  seventeenth  century,  a  great 
revcdution  must  have  been  effected  in  the  prosperity 
of  our  tin-^mines^  by  the  discovery  of  a  method  of 
smelting  tin^  by  means  of  pit  coal,  in  a  reverberatory 
furnace. 

To  give  an  adequate  idea  of  the  extreme  im- 
portance of  this  discovery^  it  is  enough  for  me  to 
observe,  that  the  sole  fuel,  which,  at  that  period, 
was  employed  in  the  process  of  smelting  tin,  was 
charcoal ;  which  gradually  becoming  scarcer,  as  the 
wood-lands  diminished,  could  not  at  last  be  supplied 
in  sufficient  quantity  to  meet  the  growing  demands 
of  the  smelter.  The  quantity  of  tin,  therefore,  which 
was  brought  to  market,  must  have  been,  for  a 
century  at  least  prior  to  the  discovery  of  this  new 
process,  strictly  limited  by  this  growing  scarcity  of 
fuel  from  the  native  woods ;  and  this  check  on  the 
power  of  production,  must  have  been  felt  more 
sensibly  by  the  western  mines  and  stream-works, 
than  by  the  eastern. 

We  are  indebted  for  this  important  discovery  to 
the  celebrated  John  Joachim  Beccher,  a  native  of 
Speyer,  in  the  Palatinate,  of  whose  life  I  have  col- 
lected the  following  particulars. 

He  was  born  in  the  year  1635,  and  losing  his 
&ther,  when  very  young,  he  is  said  to  have  educated 
himself  without  the  aid  of  preceptors ;  nature  having 
bestowed  upon  him  so  much  acuteness  of  intellect, 
thAty  99  Gmelin  truly  observes,  in  the  account  whieh 
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he  has  published  of  his  life  and  character,  had  he 
learned  a  better  command  of  his  passions,  or  more 
prudence  in  his  conduct,  and  had  he  acquired  more 
order  and  precision  in  his  ideas,  his  scientific  labours, 
and  his  pursuits,  he  would  have  been  one  of  the 
most  distinguished  and  useful  writers  of  his  time. 

A  great  part  of  his  life  seems  to  have  been  spent 
in  frequent  changes  of  his  abode,  which  he  shifted 
from  one  city  to  another;  whenever  his  presence 
could  no  longer  be  tolerated. 

In  1666,  the  Elector  of  Mayence  appointed  him 
his  public  lecturer  on  the  science  of  medicine,  in 
the  university  of  that  city ;  and  soon  after,  his  body 
physician.  He  passed  next  into  the  Elector  of 
Bavaria's  service,  where  he  was  invested  with  the 
same  office,  and  had  the  use  of  a  well-furnished 
laboratory  at  his  command ;  but  here  he  got  into 
difficulties,  which  compelled  him  to  remove  to 
Vienna,  where  he  so  strongly  recommended  himself 
to  the  favour  and  protection  of  Count  Zinzendorff, 
at  that  time  president  of  the  Aulic  Chamber,  and 
through  the  Count,  to  the  whole  court,  by  means  of 
his  projects  of  finance  and  other  measures,  that  he 
was  nominated  a  member  of  the  newly  instituted 
chamber  of  commerce,  and  had  the  title  conferred 
on  him  of  Imperial  Aulic  Counsellor.  But  even 
here  he  made  so  many  eneniies,  and  incurred  to 
such  a  degree  the  disfavour  of  the  court,  that  he 
was  ultimately  obliged  to  consult  his  personal  safety 
by  withdrawing  himself  from  Vienna,  together  with 
his  wife  and  family.    After  this,  he  went  to  Holland, 
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and  in  1678  settled  at  Haerlem,  when,  as  he  had 
before  done  at  Vienna,  he  laid  before  the  municipa* 
lity  of  that  city,  a  variety  of  projects  for  making 
gold,  some  of  which  they  appeared  much  inclined  to 
make  a  trial  of. 

Whether  the  result,  however,  of  these  trials  and 
experiments  did  not  answer  the  expectations,  which 
had  been  formed,  or  the  reward  of  them  fell  short 
of  what  he  thought  himself  entitled  to,  or  his 
enemies  at  Vienna,  as  he  pretended,  continued  their 
persecution  of  him,  or  the  air  of  Holland  ill  agreed 
with  his  constitution ;  it  is  sufficient  to  know,  that 
his  restless  disposition  drove  him,  in  the  year  1680, 
to  this  island,  where,  after  visiting  the  mines  and 
furnaces  of  Scotland,  he  proceeded,  in  1681,  to 
Cornwall.  He  died  the  following  year  in  London, 
and  with  him  perished  the  greater  part  of  his  nume- 
rous and  unaccomplished  projects. 

The  time,  and  the  place  of  his  death,  are  given 
on  the  authority  of  some  letters  of  Frederic  Heyn, 
which  are  prefixed  to  the  collection  of  Beccher's 
smaller  works.  Gmelin  says,  that  examples  of  the 
reputed  transmutation  of  the  metals  into  each 
other,  formed  the  principal  subject  of  his  numerous 
writings ;  and  the  discovery  of  the  means  of  con- 
verting other  substances  into  gold,  the  study  of  his 
whole  life ;  the  prescriptions  for  effecting  this  latter 
object  being  in  fact  the  ground  work  of  all  his 
romantic  projects  of  finance. 

It  is,  however,  admitted  by  Gmelin,  that  the  genius 
of  Boyle  had  a  great  influence  in  giving  a  better 
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direction  to  jpteccher's  chemical  pursuitSj  and  this 
indeed  is  perceptible  in  his  last  work,  the  Alpha- 
betum  Minerale,  where  a  commencement  is  made 
with  some  success,  in  applying  chemistry  to  an 
explanation  of  the  great  phenomena  of  nature.  The 
doctrines  of  Beccher  have  also  laid  the  foundation 
of  that  system,  which  was  formed  afterwards,  with 
so  much  ingenuity,  by  Stahl,  and  \vhich  subsisted 
until  the  days  of  Lavoisier.  This  is  acknowledged 
by  Stahl  in  his  preface  to  Beccher's  Physica  Sub- 
terranea,  his  praises  of  which  work  l^e  says,  were 
uninfluenced  by  any  personal  acquaintance  with 
the  writer. 

Were  t}ie  merits  of  this  man,  s^ys  GxQelin  'm  his 
history  of  chemistry,  to  be  measured  by  the  i^ult^- 
plicity  of  his  writings,  the  variety  of  departments 
in  which  he  laboured,  and  the  high  opinion  lie 
entertained  of  himself,  he  would  certai^^  take  the 
precedence  of  all  the  philosopl^ers  of  hi^  time.  In 
reality,  however,  his  childish  vanity  made  him  ^o 
n^uch  the  object  of  ridicule*  that,  as  it  often  happens^ 
the  world  overlooked  the  favourable  s^ide  of  his 
character;  and,  moreover,  the  iinportunity,  with 
which  he  preased  on  the  attention  of  the  grei^t,  his 
projects  of  improvement,  as  well  as  the  language* 
which  he  had  the  presumption  to  ^lake  us^e  of, 
respecting  the  ^fifVLSt  of  their  power*  ^^  their  inani- 
fold  oppressioi^  of  their  subjects,  exposed  hiqi  to  t\w£ 
enmity.  From  these  <»uses  he  experienced  so  many 
mortifiqations  and  disappojintments^  thftt  be  was  eon- 
strfdned  to  wi(n4er  from  o^e  country  to  another,  in 
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search  of  tranquillity ;  ending  his  life  in  the  midst  of 
all  these  conflicts  with  the  world,  in  the  fifty-seventh 
year  of  his  age,  and  in  a  state  of  great  destitution. 

As  the  name  of  Beccher  is  so  connected  with  the 
history  of  our  mining  prosperity,  I  have  presumed 
to  think,  that  the  ahove  particulars  would  be  inter- 
esting ;  and  I  was  in  hopes,  that  they  comprised  all 
the  evil,  which  could  be  said  of  him :  but  the  love 
of  truth  obliges  me  to  subjoin  a  much  more  unfa- 
vourable view  of  his  life  and  character,  which  pro- 
ceeds from  a  man  who  was  personally  acquainted 
with  him,  and  whose  veracity  cannot  be  called  in 
question.  This  man  is  the  celebrated  Leibnitz. 
But  there  is  so  much  severity  in  what  he  says  of 
Beccher,  and  there  is  something  so  disgusting  in  the 
picture,  which  he  has  drawn  of  his  profligacy,  that 
I  forbear  to  communicate  this  curious  document  in 
a  translation. 

''  Monsieur  le  Docteur  Beccher,  medecin,  etoit 
d*un  esprit  excellent,  mais  si  malin,  que  la  mauvais 
surpassoit  ce  qu*il  y  avoit  de  bon;  et  on  n'auroit 
pas  eu  de  peine  k  Tengager  d'empoisonner  quelqu'un, 
ou  k  commettre  quelqu'autre  crime  semblable.  II 
se  vantoit  de  beaucoup  plus  qu'il  ne  savoit;  par 
example,  d'avoir  fait  \  Vienne  Texperience  de  pro- 
jecticm,  quoique  dans  une  lettre  k  un  ami,  il  en  parla 
tout  autrement.  II  eut  meme  Teffronterie  de  faire 
ullfe  traite  de  la  langue  latine,  qu'il  avoit  peine  k 
parler,  et  k  ecrire  mSme.  H  donna  aussi  les  Tables 
de  Medecine,  d'un  certain  auteur  sous  le  titre  d' 
Insliiulian  de  Medecine,  en  les  mettant  seulement  de 
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suite^  et  afin  qu'on  ne  s'apperciit  pas  de  la  fraude,  il 
fit  mettre  les  chiffres  ou  Tannee  de  son  livre^  comme 
s'il  avoit  ^te  imprime  quelques  annees  avant  celui 
de  I'auteur  meme.    II  persuada  au  Compte  de  Hanau, 
a  qui  on  fut  oblig^  de  donner  ensuite  un  Curateur, 
qu'il  pourroit  ^tre  un  jour  Roff  df  Amerique,  ei  ce 
Compte  I'envoya  cbez  les  Hollandois,  pour   leur 
demander  en  fief  quelques  terres,  qui  n'etoient  pas  en 
leur  pouvoir  de  lui  donner ;  et  a  son  retour,  il  fut 
recu  du  Compte  au  son  des  tambours  et  des  trom- 
pettes.    irdemeura  aussi  quelque  terns  a  Mayence, 
d'ou  il  passa  k  Municb,  ou  il  obtint  une  charge  de 
Conseiller  de  commerce,  et  dela  etant  entre  au  service 
de  TEmpereur;  et  ayant  dit  des  injures  au  President 
de  la  Chambre,  il  y  fut  mis  en  prison,  d'ou  il  se  sauva 
en  sautant  par  la  fenetre.    II  mourut  enfin  misera- 
blement  en  Cornouaille,  prostituant  sa  propre  femme 
et  sa  fille  a  beaux  deniers  comptants.  Mais  quelques 
personnes  cbaritables  eurent  pitie  de  la  fille,  en  la 
retirant  de  ce  mauvais  train.    II  m'ecrivoit  peu  de 
jours  avant  sa  mort,  pour  lui  faire  obtenir  une  pen- 
sion de  la  cour  d'Hannovre ;  mais  il  ne  reussit  pas." 
This  account  of  Beccher  is  published  in  the  MisceU 
lanea  Leibnitxiana,  Lipsi®,  1719;  and  it  appears 
'  from  some  chemical  memorandums  of  Leibnitz  in 
the  same  collection,  that  he  had  a  personal  acquaint* 
ance  with  Beccher. 

Beccher  wrote  his  Alphahetum  Miner  ale  at  Truro, 
not  long  before  his  death,  in  1682.  In  the  dedica- 
tion of  this  tract  to  Mr.  Boyle,  there  is  the  following 
passage.    ''  Ignis  usus,  ope  flanmiarum  lithantracum. 
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stannum  et  miaeralia  fundendit  ComtAia  hactenus 
ineognitus,  sed  it  me  introductusr  In  this  statement 
Beccher  lays  claim  to  the  entire  merit  of  a  discovery, 
ivhich  Pryce  seems  to  think  some  other  persons 
had  anticipated:  but  this  opinion  is  founded  on 
some  facts,  which  are  by  no  means  subversive  of 
Beccher's  pretensions,  but  rather  corroborate  them* 
The  passage  in  the  Mineralia  to  which  I  allude, 
is  as  follows.  '^  Necessity  at  last  suggested  the 
introduction  of  pit  coal  for  the  smelting  of  tin- 
ore:  and  among  others,  to  Sir  Bevil  Granville, 
*^  of  Stow,  in  this  county,  temp.  Car.  1.  who 
**  made  several  experiments,  though  without  success. 
Neither  did  the  effectual  smelting  of  tin-ore,  with 
pit  coal,  take  place  till  the  second  year  of  Queen 
Anne,  when  a  Mr.  Liddell,  with  whom  Mr.  Moult, 
a  noted  chemist,  was  concerned,  obtained  Her 
Majesty's  patent  for  smelting  black  tin>  with  fossil 
coal,  in  iron  furnaces.  The  invention  of  reverbera- 
tory  furnaces  built  with  brick,  stone,  sand,  lime  and 
clay,  soon  followed  this  discovery;  the  form  of 
which,  being  simple,  has  admitted  little  improve- 
ment to  the  present  time." 
Here  we  perceive  that  the  date  of  Mr.  Liddell's 
patent  was  long  subsequent  to  that  of  Beccher's 
invention ;  and  by  the  term  iron  furnaces,  it  is  clear 
that  blast  furnaces  are  meant:  the  conclusion  is 
obvious,  that  Pryce  must  have  been  in  utter 
ignorance  of  the  prior  claims  of  Beccher. 

It  will  be  satisfactory  to  know,  that  some  memo- 
rials of  Beccher  are  still  preserved  on  the  spot. 
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which  was  the  scene  of  his  last  labours.  At 
Treloweth  smelting  house,  in  St.  Erth,  there  is  a 
tradition,  that  the  first  reverberatory  furnace  that 
was  ever  built  in  Cornwall,  was  erected  at  that  place ; 
and  there  is  some  reason  to  believe  that  Beccher 
resided  there,  for  his  grandson^s  widow  died  in  the 
poor  house  of  that  parish  about  the  year  1800.  Both 
his  son  and  his  grandson  are  said  to  have  been  brick- 
layers, although  I  suspect  that  they  were  so  deno- 
minated, on  account  of  their  having  built  all 
the  furnaces  in  the  neighbourhood.  The  name  of 
Beccher  has  there  been  long  corrupted  into  Baker. 

Beccher  brought  with  him  into  Cornwall  an  assis- 
tant, in  his  metallurgical  labours,  a  German,  whose 
name  was  Loeffler,  and  who  marrying  a  Cornish 
woman,  and  settling  at  St.  Erth,  survived  his  patron 
many  years.  ,  He  was  known  by  the  name  of  Dr. 
Luffler ;  and  a  son  of  this  man,  who  was  christened 
Joachim,  probably  as  a  mark  of  regard  for  the 
memory  of  Beccheir,  died  at  St.  Erth  about  the  year 
1768,  in  the  humble  situation  of  village-barber. 


VIII. — An  account  of  the  Discovery  of  some  varieties 
of  TinrOre  in  a  Vein,  which  have  been  considered 
peculiar  to  Streams;  with  remarks  on  Diluvial 
Tin  in  general. 
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Xhb  origin  of  the  tin-ore  ivhich^  from  the  earliestf; 
periods  of  history  or  tradition^  has  heen  found  in 
separate  particles,  or  small  pieces,  in  the  lower  part 
of  the  vallies,  in  the  tin  districts  of  Cornwall  and 
Devon,  is  a  subject  which,  whilst  it  excites  con- 
siderable inter^t,  is  yet,  like  moat  other  subjects 
of  geological  theory,  exposed  to  several  difficulties. 
The  roundness  of  its  particles, — ^their  total  want  of 
connection, — ^the  beds  in  which  it  is  found, — the 
relation  which  these  beds  appear  to  bear  both  to  the 
solid  strata  of  the  earth,  and  to  the  sup^ncuipbent 
matter, — ^and  other  circuqistanc^s,  affi>rd  strong 
ground  for  supposii^g  ths^t  ^he  situation  in  which  it 
is  now  found,  is  not  that  in  which  it  was  originally 
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placed ;  and  that  it  has  heen  exposed  to  the  violent 
action  of  water :  whilst  the  non-existence  of  tin-ore 
in  streams,  in  any  countries  which  do  not  abound  in 
tin  veins ;  and  the  stream  tin-ore  being,  as  well  as 
what  is  usually  found  in  veins,  the  oxide  of  tin,  ren- 
der it  probable  that,  by  the  operation  of  a  force  out 
of  the  common  course  of  nature,  it  has  been  separ 
rated  from  veins,  or  other  depositories,  in  which  it 
had  originally  existed,  and  been  conveyed,  with  an 
immense  mass  of  other  substances,  into  the  neigh- 
bouring vallies. 

This  theory  is,  perhaps,  the  only  probable  one 
which  has  ever  been  advanced ;  and  yet,  on  account 
of  the  difficulties  with  which  it  is  attended,  it  has 
been  seriously  questioned  whether  the  tin  of  the 
streams  was  ever  connected  with  veins  or  floors,  and 
whether  it  has  not  always  existed  in  a  separate  and 
distinct  state.  One  of  the  reasons  commonly  given 
(and,  perhaps,  more  frequently  than  any  other)  for 
this  supposition,  is  the  fact  that  stream  tin  often 
occurs  in  certain  forms  and  varieties  in  which  it  has 
never  been  discovered  in  veins.  These  are,  1st.  the 
fibrous  and  veined  oxide,  commonly  called  wood-tin ; 
2nd.  the  spherical  or  pear-form  oxide,  of  which  the 
fibres  radiate  from  a  centre,  occurring  either  in 
separate  minute  masses,  or  in  globular  distinct  con- 
cretions in  the  -matrix,  and  when  broken,  forming 
the  peculiar  variety  called  the  toad's-eye  tin ;  3rd. 
the  botryoidal  oxide ;  4th.  the  spathose  and  resinous 
oxicle.  It  has  been  not  unreasonably  argued  that  if 
these  varieties  have  no  existence  in  veins  or  floors. 
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(and  that  they  have  never  been  found  there,  has  been 
considered  almost  a  proof  of  this)  we  must  look  else- 
where for  their  origin ;  and  in  that  case,  we  need  not 
hesitate  to  look  to  the  same  source  for  the  origin  of 
tlie  more  common  kinds  of  tin-ore  which  accompany 
them. 

In  the  first  volume  of  the  Transactions  of  this 
society,  Mr.  Majendie  mentions  his  having  been 
informed  that,^  several  years  before,  wood-tin  was 
found  in  a  mine  in  St.  Columb,  not  attached  to  the 
walls  of  the  vein,  but  imbedded  in  the  clay  of  which 
it  was  composed ;  but  he  had  seen  nothing  of  it 
himself.*  With  the  exception  of  this  drcumstanee, 
to  which  much  uncertaiftty  appean  to  be  attached, 
I  have  never  heard,  until  lately,  of  any  of  those 
varieties  of  tin-ore,  except,  perhifis,  the  last,  having 
been  found  in  a  vein ;  hot,  by  the  discovery,  whidi  I 
am  about  to  mention,  the  qitbeation  may  be  regarded 
as  decided. 

On  the  side  of  the  hill  which  rises  southward 
of  Barius  Bridge,  about  two  miles  from  Penzaae^ 
on  the  Land's-end  road,  is  a  small  tin^nine  called 
the  Garth,  or,  as  it  has  latdy  been  newly  named. 
East  Hud  Cock.  The  slate  country  extends  from 
Penzance  to  the  foot  of  this  hill :  ikere  tiM  gnnite 
commences,  and  continues  from  thence  all  the  way 
to  the  Land^s^nd.  The  k>de  of  tins  mine  is  at  pie* 
sent  whofly  in  granite :  in  its  course  westward,  it 
may,  perhaps,  intmsect  the  slate,  bat  it  has  never 
been  seen  m  that  connection :  it  varies  very  litde 

*  PaitsBs. 
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from  an  east  and  west  direction,  and  underlies  south- 
wards from  one  and  half  to  two  feet  in  a  fathom,  or  in 
an  angle  of  from  15^  to  22^.  from  the  perpendicular: 
its  width  is  very  great ;  in  the  narrowest  part  it  is 
nearly  nine  feet,  and  in  the  widest,  upwards  of  four- 
teen. It  cannot  he  doubted  that  the  upper  part  of 
this  lode  was  explored  at  a  very  remote  period,  as  it 
hears  marks  of  the  earliest  kind  of  mining :  in  one 
part  of  it  there  is  one  of  those  excavations  (called 
by  the  miners  cqffiM)  so  common  in  the  most  ancient 
mines,  in  which  all  the  operations  were  open  to  the 
sun :  the  workmen  could,  in  that  way,  proceed  no 
deeper  than  they  could  draw  the  water  with  a  hand 
pump.  This  circumstance  makes  it  probable  that 
tin*  was  found  very  near  the  surface.  I  have  been 
informed  that  about  sixty  or  seventy  years  ago,  the 
heaps,  which  lay  on  the  sides  of  the  excavation,  were 
found  rich  enough  amply  to  remunerate  those  who 
dressed  them. 

Since  that  period,  this  lode  has  again  been  ex- 
plored in  the  modern  and  regular  way  of  mining : 
an  adit  level  was  brought  from  the  valley,  which 
when  it  came  to  the  lode,  was  fourteen  fathoms  deep, 
and  a  shaft  was  sunk  from  the  surface :  the  workmen 
almost  immediately  discovered  tin  in  the  shaft,  and 
at  the  depth  of  five  fathoms  it  became  much  more 
plentiful :  the  concern  was  continued  to  the  depth 
of  twenty-six  fathoms,  (or  twelve  fathoms  below  the 
adit)  and  was  then  abandoned,  either  on  account  of 
the  poverty  of  the  lode,  or,  what  is  more  probable^ 

*    By  the  word  tin  here,  I  alwftyi  mean  tin-ore. 
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for  want  of  a  better  machine  than  a  whitn  to  drain 
the  mine  of  water. 

About  three  years  ago^  the  Garth  was  again  set 
at  workj  with  an  engine  worked  by  a  water  wheels 
for  draining  the  water :  the  present  workmen,  on 
exploring  the  lode  immediately  below  the  old  work-' 
ings,  found  it  productive  of  tin,  and  it  has  continued 
so  to  the  present  depth  of  thirty  fathoms,  although 
scarcely  rich  enough  to  pay  the  expences  which 
attend  the  concern :  the  tin-ground  in  the  lode  is 
about  six  fathoms  in  length,  and  occurs  directly 
westward  of  the  intersection  of  the  lode  by  a  clay 
cross-course,  on  which  the  adit  was  driven :  the  lode 
has  not  been  explored  east  of  the  cross-course. 

Whether  any  of  the  peculiar  varieties  of  stream- 
tin  were  found  in  this  lode  in  the  former  periods  of 
working,  I  cannot  learn ;  but  I  have  no  doubt  that 
they  were,  as  some  of  them  have  occurred  in  great 
abundance  in  the  small  part  which  has  lately  been 
explored,  viz.  six  fathoms  in  length,  and  nearly  four 
fathoms  in  depth.  In  all  this  space,  wood-tin,  and 
toad*s-eye  tin,  have  been  plentifully  found:  tin  in 
globular  distinct  concretions,  from  the  size  of  a  pin's 
head  to  that  of  a  pea,  has  occurred  more  sparingly ; 
and  of  botryoidal  tin,  only  a  few  specimens  have 
been  met  with.  Some  parts  of  the  lode  have  yielded 
a  larger  quantity  than  others ;  but  in  general  these 
peculiar  varieties  have  been  most  plentiful  on  the 
northern  side  of  the  lode. 

Of  the  specimens  which  I  have  the  pleasure  to 
present  to  the  society,  Nos.  1-^,  are  of  the  lode  itself: 
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•  •      •  ^ 

•   *  • 

of  ti|i  fatfve  in  past  times  been  found  in  veins,  almost 
immediately  below  the  surface  of  the  solid  strata  of 
the  earth,  and  even  level  with  the  clay  which  usually 
lorms  the  uppermost  coat.  The  Garth  probably 
furnished  an  instance  of  this.  Other  instances  have 
recently  occurred.  In  Huel  Diamond,  in  St.  Just, 
tin  of  the  first  quality,  in  snow-white  quartz,  and 
unconnected  with  any  other  metal,  has  been  plen- 
tifully found  within  a  few  feet  of  the  surface.  This 
was  also  the  case  in  Kelynack  in  the  same  parish. 
In  the  valley  between  Nancothan  and  Drift,  in 
Madron,  the  streamers  in  bringing  up  a  channel  for 
the  river,  met  with  two  tin  veins,  in  one  of  which 
they  found  a  bunch  of  tin,  which  produced  them 
upwards  of  fifty  pounds :  this  was  in  the  clay  which 
there  forms  the  upper  part  of  the  shelf  or  solid  earth. 
In  Carclase  mine,  near  St.  Austell,  which  nearly 
resembles  what  is  termed  by  the  Germans  a  stoci-- 
work,  the  tin  also  appears  to  have  been  discovered 
almost  immediately  under  the  surface.  2nd.  The 
ochreous  substance  called  the  Gossan  of  copper 
lodes  generally  contains  a  small  portion  of  tin,  and 
it  was  common  formerly  to  dress  it  for  the  sake  of 
its  tin :  this  substance  occurs  at  the  very  top  of  the 
veins,  and  is  often  discovered  in  ploughing  the  fields. 
3rd.  That  floors  of  tin  have  existed  not  only  near 
the  surface,  but  quite  level  with  it,  is  as  certain  as 
tradition  can  make  it — for  there  have  been  no  recent 
discoveries  of  this  kind :  the  spots  where  these  have 
occurred  are  still  indicated  by  the  wide  but  shallow 
excavations  which  are  found  in  some  parts  of  the 
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west  of  Cornwall.  The  highest  floor  in  the  Bunny, 
in  St.  Just,  is  said  to  have  been  discovered  by  the 
appearance  gf  the  tin  at  the  very  surface ;  and  a 
floor  in  a  part  of  Botallack  was  nearly  as  shallow. 

I  presume  these  facts  are  sufficient  to  obviate  this 
difficulty,  and  to  shew  that,  in  the  violence  of  the 
deluge,  or  of  any  power  capable  of  removing  any 
part  of  the  crust  of  the  earth,  not  only  the  tin  in 
the  highest  parts  of  the  veins,  but  entire  floors  of 
tin,  might  have  been  displaced  from  their  original 
situations,  and  deposited  in  the  vallies. 

II.  "  Beds  qf  arenaceous  tin-ore  have  been  dis- 
covered in  severed  stream-works,  under  the  shelf,  or 
the  solid  strata  :  these  beds,  therefore,  must  have  ex^ 
isted  prior  to  the  strata  which  cover  them,  and  cannot 
consist  qf  diluvial  tin  J*  This  fact  may  be  allowed 
without  admitting  the  consequence,  for  unless  it  is 
clearly  proved  that  the  superincumbent  shelf  is 
nnited  on  every  side  to  the  neighbouring  solid  strata, 
and  thus  so  completely  covers  the  space  which  con- 
tains the  tin,  as  to  leave  no  inlet  through  which  the 
tin  could  have  been  deposited  underneath  it,  the 
inference  drawn  by  the  objector  cannot  be  admitted. 
Now  not  only  has  no  case  occurred  in  which  this 
has  been  proved ;  but  after  an  extensive  and  par- 
ticular investigation  of  the  stream-works  west  of 
Penzance,  I  am  convinced  that  the  masses  of  shelf, 
wherever  they  occur  over  the  tin,  are  either  horizon- 
tal or  slightly  inclined  ridges,  extending  from  the 
sides  of  the  basin  or  cavity  in  which  the  tin  is  found ; 
or  else  small  flat  masses  of  slate  or  clay  which. 
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although  now  wholly  uneonnected  with  the  ske^, 
formerly  formed  a  part  of  it ;  hut  were  severed  from 
the  neighbouring  mass  by  the  same  force  which 
carried  the  tin  into  the  raUey,  and  at  the  same 
period.  In  ChyvenhaU  stream*  in  the  parish  of 
Paul,  such  ridges  are  not  uncommon :  the  streamers 
give  them  the  name  of  aq^p^she^,  or  caps  of  skelf 
covering  the  tin :  they  are  also  met  with  in  several 
other  stream-works  in  thia  neigfaboitrhood :  the  fol- 
lowii^  rough  section  may  corv^  some  idoa  of  them. 


Suppose  the  space  between  the  blade  liaes  io 
represent  a  valley  in  which  there  is  a  deposit  of  tin : 
the  dotted  part  represents  the  Un-grocmd:  wbere 
it  is  thickly  dotted  it  is  rich,  and  elsewhere  poor. 
The  workmen  after  removing  the  superinqiimbertt 
beds  of  gravely  sik,  &c.  fiad  a  rich  had  of  tin  at  0, 
which  they  pursue  as  &r  n  i,  sad  find  it  become 
very  po<Mr :  before  they  relinquish  t\Mk  part»  they 
sink  into  the  sie^  below  a,  and  fiad  aMthev  bed  of 
tin  under  it :  should  this  bed  not  eoAtinue  produc* 
tive  as  far  as  the  opening  in  the  «Atf|^  that  part  of 
the  streamrwork  woald,  perhaps,  be  ^Mmdoned 
without  discovering  that  the  intermediate  sieff  was 
merely  a  ridge ;  but  on  taking  away  the  tin-grouad^ 
supposing  it  to  continue  rieh»  the  end  of  tiie  ridge 
would  appear. 
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Workmen  not  accustomed  to  these  occurrences^ 
would  probably  suppose,  on  coming  upon  one  of 
these  ridges  or  beds  of  shelf ^  that  the  tin-ground 
was  terminated,  and  would,  therefore,  abandon  that 
part  of  the  concern :  the  western  streamers,  how- 
ever, ai^  so  much  accustomed  to  the  cap-shelf ,  that 
they  always  penetrate  a  few  feet  into  what  appears 
to  be  the  shelf,  before  they  are  satisfied  that  it  is  not 
cap-shelf.  When  they  have  met  with  tin  in  these 
situations,  they  have,  on  pursuing  it,  frequently 
discovered  the  termination  of  the  ridges. 

In  the  Carnon  stream  some  beds  of  slate  have 
been  found  reposing  on  the  tin-ground,  but  entirely 
unconnected  with  the  solid  strata  forming  the  bottom 
and  sides  of  the  excavation. 

III.  If  the  stream  tin  has  camejram  veins,  we  might 
expect  the  tin  qf  every  individual  stream  to  hear  a 
close  resemblance  to  that  qf  the  nearest  mines  ;  but 
this  is  not  the  case.  It  is  allowed  that  this  is  not 
generally  the  case,  although  it  is  sometimes  observ- 
able. The  tin,  for  instance,  of  the  Wendron  mines, 
of  Huel  Trumpet,  Trevenen,  Huel  Ann,  Trenethick 
Wood,  &c.,  is  amongst  the  purest  in  Cornwall,  and 
closely  resembles  the  stream  tin  of  the  neighbouring 
valBes.  The  ore  of  Pentuan  stream  also,  according  to 
Mr.  Smith's  account,*  bears  a  close  resemblance  to 
that  of  the  veins  of  Hensborough  hiU  and  its  vicinity : 
on  the  other  hand,  a  considerable  part  of  the  tin  of 
Carnon  stream,  which  is  near  the  Gwennap  mines,  is 
of  inferior  quality,  and  not  considered  as  grain  tin. 

*    Oeol.  Trans.  Vol.  4,  page  407. 
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But  supposing  such  a  similarity  were  never  discoTer- 
able,  can  it  be  supposed  that,  in  the  violence  of  the 
inundation  which  swept  the  tin  from  the  hills,  it  was 
carried  only  to  the  nearest  vallies  ?  It  would  rather 
be  carried  in  the  direction  of  the  overpowering  cur« 
rent.  There  is  good  reason  to  suppose  that  most  of 
the  tin,  which  was  thus  swept  from  the  northern 
parts  of  Cornwall,  was  conveyed  to  the  vallies  on  the 
the  southern  side  of  the  county :  this  point  I  shall 
endeavour  to  illustrate  hereafter,  as  it  will  be  again 
alluded  to. 

IV.  The  tin-ore  qf  the  streams  is  in  a  state  of  far 
greater  purity  than  that  qf  the  veins,  and  is  almost 
whoUy  used  for  grain  tin,  for  which  scarcely  any  tin-- 
ore  from  veins  is  fit :  indeed  grain  tin  cannot  be  made 
from  the  best  tin-ore  from  veins,  unless  the  latter  is 
mixed  with  a  large  proportion  qf  stream  tin-ore. 
This  is  perfectly  correct ;  but  what  is  the  principal 
cause  of  the  deterioration  of  the  quality  of  the  vein 
tin?  Doubtless  its  connection  with  other  metallic 
minerals,  such  as  oxide  of  iron,  pyrites,  sulphuret  of 
copper,  galena,  wolfram,  &c.  Now  as  the  whole  mass, 
in  its  removal  from  its  primary  situation,  must  have 
been  particularly  open  to  decomposition,  is  it  unrea- 
sonable to  suppose  that  the  sulphurets,  and  other 
combinations  which  are  most  liable  to  decomposition, 
were  thus  separated  from  the  tin,  whilst  the  oxides, 
which  are  least  liable  to  it,  still  remain  ?  The  oxide 
of  tin,  as  now  found  in  streams,  is  generally  free 
from  all  other  metallic  ores  except  oxide  of  iron. 

y •    If  the  stream  tin-ore  came  from  veins,  how  is 
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it  that  the  ores  of  other  metals^  especially  those  of 
copper,  lead,  and  zinc,  so  comfnon  in  the  veins  of 
Cornwall,  are  not  also  found  in  streams?  The 
answer  to  the  last  objection  may  have  some  reference 
to  this  also,  as  these  ores  are  geherally  sulphurets ; 
and  in  addition,  may  be  stated  the  well  known  fact, 
that  copper-ore  rarely  occurs  so  near  to  the  surface 
as  tin-ore,  but  is  found  far  deeper  in  the  veins ;  and, 
therefore,  not  so  liable  to  have  been  swept  away 
with  the  surface  of  the  earth.  Of  lead-ore  there  is 
very  little  in  Cornwall ;  and  with  respect  to  zinc- 
ore  (blende),  it  frequently  occurs  in  the  upper  parts 
of  copper  veins ;  and  it  is  singular  enough  that  some 
small  fragments  of  it  have  been  found  in  the  Carnon 
stream :  these,  however,  are  of  little  consequence, 
for  had  none  ever  been  met  with,  we  might  still 
suppose  that  all  the  sulphurets,  whether  of  copper, 
lead,  or  zinc,  had  been  long  since  decomposed. 

VI.  Tin  is  frequently  found  in  veins  in  a  d^erent 
earthy  or  stony  matrix  from  that  in  which  it  commonly 
occurs  in  streams.  This  objection  is  scarcely  worthy 
of  notice.  The  principal  vein-stone  of  tin  is  quartz, 
and  with  this  stone,  tin  is  generally  connected  in 
streams :  stream  tin  (especially  the  toad's-eye  tin)  is 
also  often  found  in  shorl-rock,  which  is  so  common 
in  the  granite  country,  both  in  beds  and  in  veins, 
that  it  has  been  considered  by  some  as  a  variety  of 
granite  :*  it  is  particularly  common  at,  or  near,  the 
junctions  of  the  granite  and  slate.  In  the  parishes 
of  St.  Austell  and  Roach,  there  are  large  tracts  of 

*    Vol.  2,  page  249. 
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shorl-rock  intersected  by  tin  veins^  and  also  veins  of 
shorl-rock  containing  tin>  intersecting  the  granite, 
as  in  Carclase  mine.  The  principal  vein-stone  be* 
sides  these  is  clflorite ;  but  this  earth  being  much 
more  susceptible  of  decomposition  than  quartz  or 
.  shorl-rock,  it  is  not  surprizing  that  so  little  of  it  has 
been  found  in  streams. 

VII.  Native  gold  is  frequently  found  in  streams  ; 
hut  has  never  occurred  in  veins.  This  objection  is 
frequently  urged,  but  with  less  reason  than  some  of 
the  others :  the  intention  of  it  seems  to  be  to  infer 
that  because  no  veins  of  gold  have  ever  been  dis- 
covered, nor  has  it  been  found  in  the  veins  of  any 
other  metal,  it  must^  therefore,  exist  independently 
of  veins,  and  if  so,  tin  may  also  exist  in  the  same 
way ;  it  is,  however,  so  far  from  being  certain  that 
the  gold  found  in  Cornwall  is  not  the  product  of 
veins,  that  the  contrary  is  by  far  the  most  probable ; 
for,  in  the  first  place,  no  gold  worthy  of  notice  has 
ever  been  found  in  the  western  part  of  Cornwall  : 
there  are  tin-streams  in  the  parishes  of  St.  Paul, 
St.  Buryan,  Sancreet,  St.  Just,  and  Madron ;  but  I 
have  never  seen  a  grain  of  gold  from  any  of  them^ 
nor  am  I  aware  that  any  has  ever  been  found,  unless,* 
perhaps,  a  few  minute  particles  unworthy  of  atten*- 
tion.  In  Camon  stream,  which  may  be  called,  from 
its  situation,  one  of  the  central  stream-works,  a 
small  quantity  has  been  found ;  but  the  principal  part 
has  been  discovered  in  the  eastern  stream-works  of 

*    I  must  except  a  traditional  account  of  a  stream  in  St.  Just,  in  which  a 
minute  quantity  is  said  to  hare  been  found. 
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the  parishes  of  Ladock,  St  Stephens,  Luxulliati^  &c. ; 
we  may,  therefore,  infer  that  tl)e  source  of  the  gold 
18  in  the  eastern  part  of  the  tin  district  of  Cornwall. 
2nd.  Gold  has  heen  frequently  found  in  streams  in, 
and  attached  to,  the  matrix,  generally  quartz :  I  have 
seen  several  specimens  of  this  kind :  now  in  the  case 
of  any  other  metal  common  to  Cornwall^  the  quartz 
would  be  without  hesitation  considered  a  vein-stone. 
3rd.  It  has  been  stated,  in  a  former  communication 
to  the  society »*  that  in  a  stream-work^  in  the  parish 
of  Ladock,  the  gold  is  not  found  north  of  a  certain 
line.  All  these  circumstances  render  it  probable, 
that  a  vein  which  contains  gold  exists  somewhere 
in  that  vicinity,  although  it  has  never  been  dis- 
covered :  this  is  now  rendered  more  probable  by  the 
late  discovery  of  so  many  varieties  of  stream  tin  in 
the  vein  of  the  Garth  mine,  which  had  never  before 
occurred  in  veins. 

I  am  not  aware  that  any  other  facts  or  arguments, 
of  any  consequence,  have  been  adduced  against  the 
probability  of  the  stream  tin  having  been  derived 
from  veins.  A  few  facets  may  be  mentioned  which  are 
strongly  in  favour  of  it,  or  which  prove,  at  least,  that 
the  present  situation  of  stream  tin  was  not  its  origi- 
nal one.  1st.  The  situation  of  tin-ore  in  streams 
generally  beats  some  relation  to  the  width  of  the 
valleyi  and  also  to  its  rapid,  or  gentle,  descent.  In 
those  parts  of  a  valley  which  may  be  termed  the 
gorges,  where  the  hills,  or  the  rocks,  on  each  side, 
come  60  close  as  to  leave  but  a  narrow  passage,  there 

*    Vol.  1,  page  SS6. 
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is  seldom  much  tin-ore  found :  the  currents  were 
prohahly  too  violent  to  permit  it  to  settle  there. 
Where  the  descent  of  a  valley  is  rapid,  the  whole  of 
the  tin-ore  is  usually  found  lying  immediately  on  the 
shelf:  hut  where  it  is  gentle,  the  bed  of  the  tin- 
ground  is  generally  thicker,  but  not  so  good,  as  the 
ore  is  mixed  up  with  diluvial  matter;  and  where 
it  is  very  small,  the  tin-ore  has  been  found  mingled 
with  the  whole  diluvial  mass,  even  within  two  or 
three  feet  of  the  surface.  Chyvenhall  stream-work, 
in  St.  Paul,  furnishes  an  instance  of  the  latter. 
2nd.  The  spot  which  is  esteemed  most  favourable 
to  the  existence  of  stream  tin,  is  just  at  the  point 
where  one  valley  opens  into  another,  at  a  pretty 
large  angle :  the  probability  is,  that  the  progress  of 
the  currents  coming  down  the  vallies  was  rendered 
less  rapid  by  their  contact,  and  that,  in  consequence, 
a  portion  of  the  tin-ore  settled  at  the  point  of  con- 
tact. 3rd.  Stream  tin  is  often  found  connected  with 
the  matrix,  or  (as  a  miner  would  say,  if  he  were 
shewn  a  specimen,  without  being  aware  that  it  came 
from  a  stream)  with  its  vein«stone.  4th.  There  is  a 
great  dissimilarity  in  the  stream  tin  of  different  dis- 
tricts, especially  in  the  wood-tin :  that  of  the  St.  Paul 
streams,  for  instance,  bears  little  resemblance  to  that 
of  the  streams  of  St.  Stephens  or  Luxullian :  my 
inference  is,  that  the  ores  came  from  different  veins. 
The  peculiar  situation  in  which  nearly  all  the 
stream  tin  of  Cornwall  is  found,  compared  with 
the  localities  of  the  most  productive  tin-veins,  is 
highly  illustrative  of  the  direction  in  which  the 
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carrent  of  the  deluge  swept  over  the  surface.  All 
the  productive  streams  are  in  rallies,  which  open  to 
the  sea  on  the  southern  side  of  the  Cornish  penin* 
sula ;  whilst  most  of  the  richest  veins^  are  situated 
near  the  northern  coast,  where  all  the  vallies  open 
towards  the  north :  most  of  those  vallies  have  been 
explored ;  but,  although  small  portions  of  tin  have 
been  found  in  many  of  them,  no  extensive  beds  have 
ever  been  discovered.  The  mines,  for  instance,  of 
the  parishes  of  Lelant,  Gwinear,  Camborne,  lUogan, 
St  Agnes,  and  Perran-zabuloe,  are  all  near  the 
northern  coast,  but  there  are  no  productive  streams 
in  any  of  those  parishes :  on  the  southern  side,  how- 
ever, are  the  streams  of  Perran-arworthal,  Ladock, 
St.  Stephens,  Roach,  St.  Austell,  Luxullian,  &c. 
Now  on  looking  at  the  direction  which  the  streams 
bear  from  the  mines,  it  will  appear  most  probable 
that  the  course  of  the  current,  which  swept  the  tin 
from  its  original  situation,  must  have  been  from 
north  to  south,  or  rather  from  N.N.W.  to  S.S.E. 
The  circumstance,  already  mentioned,  of  the  gold 
in  Ladock  not  being  found  north  of  a  certain  line, 
is  also  in  iavour  of  this  fact.  The  same  circumstance 
has  occurred  in  Trethurgy  moor,  near  St.  Austell, 
with  respect  to  wood-tin :  it  has  been  traced  to  a 
particular  part  of  the  moor,  where  it  ceases  to 
occur.f  The  Garth  mine,  which  I  have  here 
described,  and  the  stream-works  in  its  vicinity,  fur- 
nish a  striking  illustration  of  the  same  fact.    About 

*    Those  which  are  nearer  the  iouth  coast,  are,  howerer,  generally  situated 
north  of  the  streams.  t    Vol.  1,  page  2S9. 
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a  mile  north-west  from  the  mine,  and  in  the  valley  im* 
mediately  below  it,  is  the  stream^work  of  Drift  moor ; 
but  neither  there,  nor  in  any  stream-works  further 
north,  has  any  wood-tin  been  found,  nor  scarcely  any 
tin-stones  similar  to  those  which  have  occurred  in  the 
mine ;  but  if  we  cross  to  the  opposite  side,  we  shall 
find,  from  one  to  two  miles  southward  from  the  mine, 
the  streamrworks  of  Chyvenhall,  Clija  moor,  and 
Kerris,  in  which  we  meet  with  the  wood-tin,  the 
contemporaneous  tin  veins,  aqd  the  tin  investing  the 
quartz  crystals.  I  possess  specimens  of  each  variety 
from  Chyvenhall  stream,  which  closely  resemble 
those  from  the  Garth  mine. 
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At  what  time  mankind  became  first  acquainted 
with  Iron  we  have  no  certain  evidence.  In  the 
earliest  ages  of  the  world,  when  the  necessities  and 
the  arts  of  advanced  society  were  unknown,  many 
purposes,  for  which  Iron  was  used  in  subsequent 
times,  were  imperfectly  accomplished  by  means  of 
various  animal  substances,  and  with  instruments  of 
wood  and  stone.  But  after  the  establishment  of 
settled  communities,  when  the  wants  of  civil  life, 
and  the  separate  interests  of  independent  kingdoms 
had  prompted  the  inventions,  by  which  their  con- 
venience and  security  were  promoted,  metallic 
substances  were  discovered,  and  speedily  converted 
to  those  ends;  and  consequently,  the  rude  con- 
trivances, which  had  distinguished  the  first  period 
of  society,  and  which  are  still  found  among  uncivil- 
ized nations,  very  soon  gave  place  to  instruments  of 
copper,  or  of  a  composition  of  that  metal  and  of 
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tin.  For  copper  and  tin,  and  indeed  gold  and  silver, 
were  in  general  use,  if  not  while  iron  was  unknown, 
yet  long  before  it  could  be  obtained  in  sufficient 
quantity  to  be  made  available  on  common  occasions ; 
as  the  ancients  do  not  appear  to  have  possessed  the 
art  of  extracting  it  from  the  ore  with  the  same 
facility,  with  which  they  procured  the  other  metals. 
Accordingly  in  the  heroic  ages,  their  domestic 
utensils,  and  their  instruments  of  warfare,  consisted 
of  brass,  or  to  speak  more  correctly,  of  bronze ;  of 
which  also  the  tools  of  their  artificers  were  made, 
and  nails  and  bolts,  and,  indeed,  every  article  of  that 
kind  employed  in  the  building  of  houses  and  ships. 
Thus,  when  Hecamede  provides  an  entertainment 
for  Nestor  and  Machaon,  she  places  on  the  table  a 
a  brazen  dish,  and  scrapes  the  cheese  with  a  knife 
of  brass.*  And  Ulysses,  when  he  prepares  for  bis 
departure  from  Ogygia,  hews  the  timber,  and  builds 
bis  vessel,  with  tools  of  the  same  material.f  And 
in  like  manner,  the  wood  for  the  funeral  pyre  of 
Patroclus  was  cut  with  brazen  axes.^  Indeed  the 
story,  which  relates  the  invention  of  the  saw,  de- 
scribes it  as  having  been  made  of  iron :  but  besides 
the  improbability  arising  from  the  general  custom 
of  employing  bronze  for  such  purposes,  the  account 
is  rendered  still  more  questionable  by  the  fact,  that 
the  inventor  lived  at  a  period,  when  iron  was  hardly 
known  in  Europe,  and  was,  therefore,  too  scarce  and 
costly  to  be  used  in  a  mere  experiment,  which  the 
making  of  the  first  saw  seems  to  have  been.§   With 

•  Hon.  II.  xi.  619.  610.     t  Horn.  Od.  v.  Stt4.  244.     t  Hqih.  B.  xxiii.  US, 
§  Ovid.  Metam.  vlii.  244.     Senec.  Epist.  90.    Piod.  Sic.  it.  5. 
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respect  to  the  offensive  arms  in  use  at  that  early  time, 
the  circumstance  of  their  being  made  of  bronze,  is 
so  frequently  mentioned^  and  so  well  understood, 
that  it  is  unnecessary  to  quote  any  particular  example. 
In  accordance  with  these  facts,  to  which  some 
direct  reference,  or  incidental  allusion  may  be  found 
in  most  of  the  ancient  writers,  it  may  be  observed 
that  almost  all  the  weapons  and  utensils  of  the 
primitive  ages,  which  have  been  accidentally  dis- 
covered at  different  periods,  and  in  various  places,  or 
have  been  preserved  and  transmitted  to  the  present 
times,  have  been  found  to  consist  of  the  same  com* 
position  of  tin  and  copper.  Thus  we  are  told  by 
Plutarch  in  his  life  of  Theseus,  that  when  Cimon 
found  the  bones  of  that  hero  in  Scyros,  there  was 
a  sword  also  in  the  grave,  and  a  brazen  headed  lance.* 
And  similar  discoveries  have  been  made  in  the  an- 
cient burial  places  of  this  county,  as  in  the  year  1716, 
at  MSn,  in  Sennen :  and  likewise  in  the  tin-works 
at  different  places,  as  in  the  instance  mentioned  by 
Leiand,  which  occurred  at  St.  Hilary ;  and  in  another 
case,  which  Hollinshed  describes  as  happening  in  the 
neighbourhood  of  Mousehole,  where  the  workmen 
found  spear-heads,  swords,  and  battle-axes  of  copper.f 
So  also  in  an  ancient  tumulus,  near  Mycenas,  in 
Peloponnesus,  usually  called  the  brazen  treasury  of 
Atreus, bronze  nails  are  said  to  have  been  occasionally 
found ;  and  knife-blades  of  the  same  metal  may  be  pro- 
cured among  the  pyramids  and  catacombs  of  Saccara.  J 

*  Plot  in  Tit.  Thes. 
t  Caiew's  Surr.  of  Corn,  by  Lord  de  Dunstanville,  p.  S81.    Borl.  Ant.  of 
Com.  p.  SS8.  288.        t  Clarke's  Travels,  v.  241.  vi.  493. 
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Indeed^  with  the  exceptions  to  which  I  shall  after- 
wards refer^  copper  was  probably  employed  for  all 
the  ordinary  occasions^  to  which  Iron  is  applied  in 
the  present  day :  and  it  seems  to  have  been  so  used, 
even  after  the  art  of  manufacturing  Iron  was  well  un- 
derstood. For  when  Herodotus  says,  that  the  people 
of  iEthiopia  confined  their  prisoners  with  chains  of 
gold,  from  the  great  scarcity  of  copper  in  that  country, 
whatever  might  have  been  the  truth  of  the  story,  we 
must  believe,  that  copper  was  still  used  for  such 
purposes  in  Greece ;  and  the  more  so,  as  Heliodorus, 
who  wrote  many  centuries  afterwards,  ascribes  that 
custom  of  the  Ethiopians  to  the  want  of  Iron,  which 
long  before  his  time  must  have  been  the  metal  in 
general  use.* 

There  can  be  no  doubt,  however,  that  Iron  was 
known  at  a  very  early  period.  It  is  one  of  the  first 
metals  of  which  mention  is  made  in  authentic  his- 
tory ;  for  Tubalcain,.the  son  of  Lamech,  is  d^cribed 
as  the  instructor  of  every  artificer  in  brass  and  iron.f 
To  what  extent  it  was  used  in  those  remote  times, 
we  have  no  means  of  determining :  but  in  the  age  of 
Moses,  it  seems  to  have  been  possessed  in  considerable 
quantities,  and  employed  for  all  ordinary  purposes, 
by  most  of  the  civilized  nations  of  the  east.  It  is 
accordingly  often  noticed  in  the  writings  of  that 
historian,  and  of  his  successor ;  and  we  learn,  that 

*  Herod,  iii.  28.  Heliod.  iEthiop.  iz.  Homer,  indeed,  speaks  of  iron 
chains  in  the  first  book  of  the  Odyssey,  but  it  does  not  follow  that  they  were 
actnally  used  in  that  age :  for  he  merely  makes  Minerva  say  that  the  return  of 
Ulysses  is  so  certain,  that  even  bonds  of  iron  would  not  detain  him.  Od.  i.  903. 

t   Genesis,  iv.  22. 


Iron  among  the  Ancients.  117 

among  the  ancient  inhabitants  of  Canaan,  and  among 
the  Israelites,  who  supplanted  them,  the  woodman, 
and  the  stonehewer  obtained  from  it  their  hammers 
and  axes ;  and  the  warrior,  his  sword  and  his  chariot.* 
Yet  it  is  remarkable,  that,  although  Iron  and  brass 
were  in  common  use  among  the  orientals  at  so  early 
a  time,  the  expedients  which  are  necessary,  where 
those  substances  are  insufficiently  obtained,  or  entire- 
ly unknown,  continued  to  be  practised  in  some  degree 
by  the  Persians  till  a  comparatively  late  period,  when 
indeed  such  contrivances  had  long  ceased  even  in 
those  countries,  where  the  opportunity  of  substitut- 
ing better  methods  did  not  occur  so  soon.  For  on 
the  plain  of  Marathon,  at  this  day,  may  be  found 
arrow-heads  of  common  flint ;  and  that  they  were 
shot  by  the  Persian  bowm^,  in  the  battle  for  which 
that  place  is  celebrated,  follows  of  necessity  from 
the  fact,  that  in  the  army  of  the  Greeks  there  were 
no  soldiers  of  that  denomination.  According  to 
^^chylus,  indeed,  who  was  himself  at  Marathon,  the 
Asiatics  always  depended  much  on  the  number  and 
skill  of  their  archers,  and  were  distinguished  from 
the  Greeks  chiefly  by  that  circumstance.f 

But  in  Europe  Iron  was  not  generally  used  till  a 
later  sera.  In  the  heroic  ages,  as  we  have  already 
seen,  copper  was  almost  universally  employed  in  the 
fabrication  of  weapons,  and  instruments  of  every 

*  nettteron.  xxrii.  5.  Ka)  luifSfTOv  ro  cilyi^iov  dieo  rou  ^u\ov  tS^ 
To5  it\yi<rioy,  xai  Mo^oanfj*  DeaU  xix.  5.  (yen.  Sept)  Nmnb.  xxxvi.  16* 
Joflih.  xvii.  16.    2  Kings,  ri.  6. 

«   Herod.  vL  112.    ^schyl.  in  PezB.    Clarke's  Tniyels,  ?ii.  2S. 
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kind  for  which  a  metallic  substance  was  necessary  \ 
and  consequently  many  have  supposed  that  Iron  was 
in  those  times  either  wholly  unknown,  or  never 
applied  to  any  useful  purpose.  This  opinion,  indeed, 
which  we  shall  presently  find  to  be  incorrect,  is 
somewhat  supported  by  the  fact,  that  copper  was  the 
first  metal  with  which  the  primitive  Greeks  became 
acquainted :  for  all  those  who  have  made  any  refer- 
ence to  the  question,  and  especially  Hesiod,  Lucretius 
and  Ovid,  concur  in  maintaining  the  subsequent 
introduction  of  Iron.^ 

Yet  it  does  not  appear,  that  the  interval  was 
considerable :  for  Cadmus,  who  first  instructed  the 
Greeks  in  the  nature  and  uses  of  copper,  came  into 
Europe  about  1493  years  before  the  present  epoch ; 
and  the  Dactyli,  to  whom  they  were  indebted  for 
their  knowledge  of  Iron,  are  said  to  have  settled  in 
Crete  in  the  reign  of  Minos  the  first,  who  was  the 
son  of  Europa,  and  therefore  a  nephew  of  the  same 
Cadmus.f  The  use  of  these  metals  in  Greece  must, 
therefore,  have  been  contemporaneous  almost  from 
the  beginning;  and  the  less  frequent  employment 
of  Iron,  which  has  given  rise  to  the  opinion,  that 
it  was  unknown  in  those  times,  must  be  ascribed,  as 
we  have  said  before,  to  the  great -difficulty  of  reduc- 
ing its  ores,  among  a  people  so  imperfectly  skilled 
in  operations  of  that  kind. 

But  notwithstanding  the  preference,  which  on  that 

*  Hesiod.  Op.  et  D.  L  149.  Lucret.  de  Rer.  Nat.  ▼.  ISM.  Ovid.  Faft. 
iv.  405. 

t  Hygin.  Fab.  874.  Stnb.  JUT.  Diod.  Sic.  v.  4.  Plim  H.  N.  vii.  67. 
Senec.  Epist.  90. 
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account  was  given  to  copper,  the  superior  properties 
of  Iron  were  not  overlooked ;  and  as  early  as  the 
Trojan  war,  the  art  of  working  it  had  been  so  far 
advanced,  that  we  find  some  examples  of  its  use,  in 
the  account  of  that  celebrated  enterprize.  Thus  the 
arrow,  which  at  the  instigation  of  Minerva,  Pandarus 
shot  at  Menelaus,  was  barbed  with  iron ;  and  Nestor 
relates  among  the  adventures  of  his  youth,  the 
victory  which  he  achieved  over  Ereuthalion,  who 
used  to  commit  great  slaughter  with  an  iron-club.* 
Yet  there  is  good  reason  to  believe,  that  in  those 
ages  Iron  was  still  scarce  and  precious.  In  the  games 
which  Achilles  celebrated  in  honour  of  his  friend, 
one  of  the  prizes  was  a  ball,  or  probably  a  coit,  of 
cast-iron.f  And  somewhat  before  this,  when  Euneus 
sent,  from  Lemnos  to  the  Grecian  camp,  a  fleet  of 
ships  laden  with  wine,  the  Greeks  bought  it  with 
bronze  and  iron^  In  these  cases  the  iron  must 
have  been  valuable  for  its  scarcity  and  its  intrinsic 
properties;  and  the  mixed  metal,  as  it  was  very 
abundant,  must  have  become  an  article  of  traffic 
merely  irom  the  greater  facility,  with  which  it  might 
be  manufactured  and  applied  to  useful  purposes. 
What,  indeed,  was  the  relative  worth  of  Iron  at  that 
period,  I  do  not  know  that  we  have  any  means  of 
deciding:  but  it  seems,  that  the  value  of  bronze, 
compared  with  that  of  gold,  was  something  less  than 

«   Horn.  II.  iT.  l».    vii.  186.    See  also  XL.  xviii.  $4.    xxiu.  80.    Odya. 
XTi.  994. 

t    XoAo^  airo'xp^ava^,     Horn.  U.  xxiii,  826. 
%   Horn.  n.  Tii.  4rS.    See  Odys.  i.  184, 
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as  one  to  eleven.  For  when  Glaucus  gave  his 
armour  for  Diomed's,  Homer  describes  it  as  being 
equivalent  to  the  exchange  of  a  hundred  oxen  for 
nine.*  We  may  suppose^  indeed,  that  the  armour 
of  Glaucus  was  not  formed  entirely  of  gold,  but 
merely  ornamented  with  that  metal ;  yet  whatever 
was  the  fact,  it  is  very  likely  that  Homer  meant  it 
to  be  so  understood ;  and  in  that  case,  though  the 
poet  might  not  have  made  a  very  scrupulous  calcu- 
lation, we  may  receive  his  account  as  suflSciently 
shewing  the  comparative  value  of  those  metals  in 
his  own  day. 

But  the  esteem,  in  which  iron  was  held  for  its 
essential  .properties,  continued  long  after  the  time, 
of  which  we  have  been  speaking :  and  accordingly 
Khodopis,  who  had  been  married  to  the  brother  of 
the  celebrated  Sappho,  and  must,  therefore,  have 
lived  about  six  hundred  years  subsequently  to  that 
period,  did  not  think  a  certain  number  of  iron-spits 
an  unworthy  offering  to  Apollo  at  Delphi.f  Soon 
after  this,  however,  as  the  art  of  working  it  improved, 
and  its  fitness  for  ornamental  purposes  became 
known,  it  began  in  some  degree  to  be  recommended 
by  the  extrinsic  and  accidental  value  conferred  on  it 
by  the  hand  of  the  artisan :  for  the  silver-cup,  which 
Alyattes  the  second,  king  of  Lydia,  who  was  nearly 
contemporary  with  Rhodopis,  presented  at  the  same 
altar,  is  said  to  have  been  furnished  with  an  iron- 
stand  so  skillfully  cemented,  that  it  was  reckoned 

•   Horn.  II.  vi.  2S6.  f    Herod,  u.  185. 
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among  the  most  valuable  treasures  of  the  temple ; 
and  Herodotus  has  recorded  the  name  of  the  work- 
man, who  contrived  it* 

Homer,  however,  was  evidently  acquainted  with 
the  common  mode  of  hardening  Iron ;  for  he  tells 
us,  that  when  Ulysses  thrust  a  burning  stake  into  the 
eye  of  Polyphemus,  it  hissed  as  Iron  does,  when  it 
is  strengthened  by  immersion  in  cold  water  :f  and, 
indeed,  if  Sophocles  has  not  committed  an  anachro* 
nism  very  common  among  poets,  that  operation 
must  have  been  practised  by  the  Greeks  at  a  still 
earlier  time;  for  he  makes  Ajax,  who  was  the 
contemporary  of  Ulysses,  derive  from  it  a  simile 
descriptive  of  the  past  obduracy  of  his  own  rnind.^ 
To  the  Egyptians  the  art  was  undoubtedly  known 
in  a  very  distant  age;  and  every  one,  who  has 
observed  with  what  freedom  and  precision  their 
monuments  of  granite  and  porphyry  are  sculptured, 
must  have  seen  that  they  could  communicate  a 
degree  of  hardness  to  metals,  which  may  not, 
perhaps,  be  attainable  by  the  skill  and  science  of 
modern  days.  From  Egypt,  therefore,  it  is  probable, 
that  many  improvements  in  the  process  of  tempering 
Iron  were  introduced  into  Europe :  for  after  some 
intercourse  with  that  country-had  been  established 
by  the  Greeks,  many  of  whom  expressly  travelled  in 
the  pursuit  of  knowledge,  we  find  that  the  Grecian 
lapidaries  practised  their  art  with  instruments  of 
Iron :  though,  indeed^  in  the  time  of  Theophrastus^ 

•    Herod,  i.  25.  t    Horn.  Od.  is.  S9S. 
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the  mode  of  hardening  that  metal  was  gtiU  «o  imper*- 
feetly  understood,  that  in  many  instances  «ncb  toob 
were  insufficient  for  the  purpose;  and  they  were 
consequently  obliged*  as  in  our  own  time,  to  cut  one 
stone  with  another.*  Yet  eyen  then  the  art  aeenis 
to  have  been  considerably  adraneed ;  and  the  ex^ 
quisite  temper  of  the  armour  made  by  Zoilus  the 
Cyprian  for  Demetrius  Polioreetes,  on  which  a  dart 
shot  from  a  catapult  made  no  impressiop,  indicates 
a  degree  of  skill,  which  probably  has  never  beeii 
surpassed-t 

At  what  time  the  Greeks  became  acquainCed  with 
Steel,  properly  so  called,  is  uncertain ;  nor  am  I 
disposed  to  think  that  the  most  careful  and  exten* 
sive  enquiry  would  afford  any  chance  of  determining 
the  question.  For  it  does  not  appear  that  they 
distinguished  it  by  any  specific  appellation;  and 
besides  the  name,  which  it  therefore  received  ia 
common  with  pure  Iron,  the  word  Adama$  likewise, 
by  which  many  suppose  it  to  have  been  particularly 
denoted,  was  equally  applied  to  the  magnet,  and 
the  diamcmd.  Some,  indeed,  have  thought  that  the 
diamond  was  not  called  AdmmoM  till  a  very  late 
period ;  iMid  even  the  dder  Pliny  has  been  quoted 
as  the  earliest  authority  for  that  use  of  the  word : 
but  it  was  so  named  by  Theopbrastua,  who  lived 
four  hundred  years  before  him;  and  there  is  no 
reason  to  believQ,  that  the  diamond  was  not  known 
by  the  same  denomination,  to  those  who  flourished 

«   Thti^hr.  iC^pi  A|0.  la.  79.  t«» 
t  Pliit  ill  Umittr. 
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ftt  ft  still  earlier  day.*  Plato^  also^  gires  the  same 
appellaticm  to  a  snbstance,  which  he  describes  as 
remarkable  for  its  density  and  blackness^  and  which 
after  the  mechanical  detachment  «f  the  earthy 
matter  from  the  ores  of  gold,  he  supposes  to  exist 
in  a  state  of  more  intimate  combination  with  that 
metal,  and  to  be  capable  of  separation  only  by  fire.f 
In  feet,  AdaimaM  seems  to  have  been  a  general  term 
applicable  to  every  thing  distinguished  by  its  hard 
and  intractable  qualities, — in  the  natural  world  sig- 
nifying all  sabstances  so  compact  and  obdurate,  as 
to  resist  the  ordinary  operation  of  external  agents ; 
and  in  the  moral  world,  affording  a  point  of  compa- 
rison, to  which  the  heathen  referred  the  certainty  of 
oracular  predictions,  and  the  christian  the  firmness 
and  the  immntabflity  of  his  faith.  The  Pythia  at 
Delphi  declares  to  the  Athenians  that  her  word  is 
rarer  than  mdamant ;  and  Origen  exposes  aad  refutes 
ikte  heresies  of  the  primitive  church  by  the  mouth 
of  Adamtmtius.X  A  word,  therefore,  so  unlimited  in 
its  application,  though  it  be  sufficiently  determinate 
in  its  meaning,  is  a  very  inadequate  guide  in  an 
enquiry  of  this  kind ;  and  as  steel  was  denoted  by 
it  only  in  common  with  other  hard  bodies,  we  can- 
not aseertain  in  what  degree  that  anbstance  was 
known'  to  the  Greeks. 

After  the  time  of  Homerjr  tiw  employment  of  Iron 
in  the  mnanfacture  of  nalitary  ioBtniments  became 

*  Theo^hr.  ib.  tl. 
t    Piflt  Poilt  in  O^.  OttD.  ^.  S6S.    llto.  In  O)^.  p.  HWS. 
X    II«M.¥ii.Ul.    OrigvIKidpf. 
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gradually  more  common,  and  at  length  entirely 
superseded  the  use  of  copper  or  bronze.  This 
circumstance,  besides  the  more  direct  evidence  by 
which  it  might  be  shewn,  majHbe  distinctly  traced 
in  those  modifications  of  the  mythological  system 
of  the  Greeks,  by  which  they  adapted  it  to  the 
ordinary  advancement  of  knowledge  and  the  arts. 
For  when,  in  imitation  of  the  Persians,  who  described 
the  seven  gates  of  the  sky  as  consisting  of  so  many 
metals,  and  each  occupied  by  its  presiding  divinity, 
the  Greeks  consecrated  each  of  the  metals  to  some 
god,  according  to  a  real  or  fancied  analogy  between 
the  qualities  of  the  substance,  and  the  nature  of  the 
deity ;  they  dedicated  bronze  to  Mars,  and  Homer 
accordingly  denominates  him  the  brazen  god.*  But 
when  the  fitness  of  Iron  for  the  occasions,  over 
which  that  divinity  was  supposed  to  preside,  became 
better  known,  they  gave  both  to  him,  as  equally  the 
instruments  of  his  dominion.f  And  at  length,  when 
the  use  of  copper,  and  its  compounds,  was  altogether 
discontinued  among  soldiers,  except  for  purposes  of 
shew  and  embellishment,  that  metal  was  appropriat- 
ed entirely  to  the  goddess  of  beauty,  and  Mars 
became  merely  the  iron-god. J 

With  respect  to  the  use  of  Iron  in  the  arts  of 
peace,  and  the  ordinary  occasions  of  common  life, 
the  same  circumstances  are  equally  observable. 
The  primitive  ploughshare,  and  in  fact,  all   the 

*    Hom«  II.  vii.  146.    So  also  Pind.  Od.  Olymp.  x.  19. 
t   Xifijf Of  $6  Ha)  xaXxof  itoXB^v  o^ava.    Plat  Leg.  xU.  Op.  p.  091. 
t    Bidym.  in  Horn.  11.  v.  885.    Schol.  in  Pind.  Od.  Istfa.  r. 
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agricultural  implements  of  the  first  ages  of  the 
world,  seem  to  have  heen  made  entirely  of  wood : 
and  consequently,  what  Virgil  declares  of  Ceres,  and 
TibuUus  of  Osiris,  must  he  referred  to  the  liberty, 
which  poets  have  always  exercised,  of  departing  at 
their  convenience  from  the  strictness  of  historical 
truth ;  for  though  in  the  literal  acceptation  of  their 
words,  they  say  no  more  than  that  Ceres,  and  Osiris, 
first  employed  Iron  in  the  cultivation  of  the  earth ; 
yet  every  scholar  knows,  that  their  design  was  to 
relate  that  fact  as  the  introduction  of  agriculture 
itself.^  It  is  remarkable,  however,  that  in  our  own 
times  the  celebrated  Fourcroy  has  fallen  into  the 
error,  which,  from  the  privilege  of  their  order,  we 
cannot  impute  to  the  poets  of  antiquity :  for  with- 
out thinking  of  the  substitutes  for  Iron,  which  were 
everywhere  about  him,  and  which  in  early  times 
had  been  actually  used,  he  does  not  hesitate  to  say, 
that  agriculture  owes  its  very  existence  to  our 
knowledge  of  that  metal.  But  he  was  probably 
better  acquainted  with  the  science,  which  he  so 
laudably  advanced,  than  with  the  remote  history 
of  the  substances,  which  are  the  subjects  of  its 
operations. 

To  the  use  of  wood  succeeded  that  of  copper 
or  bronze,  and  afterwards  of  Iron,  as  in  the  cases 
already  mentioned.  But  at  what  time  Iron  was 
first  applied  to  agricultural  purposes,  or  when  it 
entirely  superseded  the  use  of  copper,  we  have  no 
means  of  knowing.    It  seems,  however,  to  have 

•   Virir.  Oeorg.  i.  147.    TllmU.  El.  i.  7. 99. 
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l^en  BO  employed  at  a  rery  etrly  period :  for  when 
Achilles  at  tbe  foneral  games  of  Patroclus^  proposed, 
as  we  hare  said  before,  an  IroiHsqphere  or  coit  as  the 
reward  of  him,  who  should  throw  it  farthest,  he 
represents  it  as  enough  to  supply  the  wants  of  an 
extensive  form  for  five  years ;  and  we  may,  there- 
fore soppoee,  that  Iron  was,  at  least  sometimes, 
employed  in  agricuttural  operations  even  at  that  day. 
In  connection  with  this  part  of  the  subject,  it 
may  be  observed,  that  the  earfier  ancients  made  no 
use  of  Iron  in  the  manufactare  of  horse-shoes.  Tbe 
hoo&  of  their  horses  were  entirely  exposed,  accord- 
ing to  the  custom  of  some  eastern  natiosis  at  the 
present  time.  The  OMfsequence  of  this  was,  that  in 
their  military  expoditioMy  the  CAvaky  was  frequently 
disabled,  and  in  snck  eases  they  were  compelled 
to  conduct  the  enterprise  without  it*  The  only 
remedy  against  accideiits  of  th«t  kind  was  supposed 
to  consist  in  some  mode  of  hicreasiog  the  natural 
hardness  of  the  hoof;  and  various  means  were, 
therefore,  devised  and  recommended*  To  thia  cir- 
enmstance,  I  presume,  we  should  rafer  the  epithet 
single-hoqfed^  by  which  Homer  eoBStautly  describes 
the  horses  of  his  heroes,  as  the  chief  recommeiida- 
tkm  of  ahorse  OMMit  faarre  been  a  solid  and  unbroken 
hooff  In  after  times,  the  hoof  wa»  t^ry  iaeiectu- 
aUy  defended  wlA  a  kind  ctf  sodk,  whieh  nught  be 

•    Judgoi,  y.  SS.     DM.  SicaL  xvtt.  10.     ApfMUi.  4«  Balo  Miihdd. 
Uoint.  CutC  Tiii.  2. 
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tfikeo  off  and  replaced  at  pleasure :  and  in  fkct,  a« 
we  learn  from  a  passage  of  CatuUas«  it  was  so  loose- 
ly fiistenedf  that  in  passing  over  a  saarsfay  soil  it  was 
sometimes  lost^  The  under  part  of  this  covering 
was  occafiionally  made  of  Iron ;  the  upper  part; 
which  ascended  to  the  top  of  the  hoof^  being 
fabricated  according  to  the  taste  or  wealth  of  the 
proprietor :  and  accordingly^  we  are  told^  that  Nero, 
who  was  fond  of  horses  from  his  youtht  was  satisfied 
with  nothing  less  than  silver  for  that  purpose ;  while 
Poppasa»  his  wife,  caused  her  favourite  horses  to  be 
shod  even  with  gold.f  From  this  practice,  which 
seems  to  have  continued  to  a  very  late  period,  we 
may  perhaps,  obtain  an  explanation  of  the  well  known 
story  of  Julius  Cswar^s  horse,  the  hoofs  of  which  are 
said  to  have  had  toes,  like  the  human  foot  For  as 
this  mode  of  covering  the  hoof  wiMild  have  enabled 
him  to  bestow  on  his  horse  that  extraordinary  di^ 
tinction,  he  might  have  actually  done  so,  with  the 
design  of  propagating  among  the  credulous  people, 
who  submitted  to  his  will,  some  delusion,  in  support 
of  the  superstitious  pretensions  to  absolute  domin- 
ion, which  he  had  made  on  the  authority  of  the 
haruspices4  At  what  time*  however,  deceptions  of 
this  kind  became  no  longer  practicable,  from  the 
introduction  of  the  present  mode  of  nailing  an  iron* 
shoe  to  the  bottom  of  the  hoo^  cannot  be  determined 
with  any  degree  of  eertsinty.    By  some,  indeed, 

•  Ctttadi.  sTiL  sa. 
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the  origin  of  that  practice  is  referred  to  the  ninth 
century:  though  in  our  own  county  it  seems  to 
have  been  but  partially  adopted  till  a  period  com- 
paratively recent ;  for  we  are  informed  by  Carew, 
that  in  the  remembrance  of  some,  who  were  yet 
living  in  his  time,  the  Cornish  shod  their  horses  on 
the  forefeet  only.* . 

These  facts,  which  might  be  easily  accumulated  in 
greater  number,  sufficiently  shew  the  difficult  and 
gradual  application  of  Iron  to  general  purposes  in 
the  south  of  Europe ;  and  it  will  be  found,  that 
similar  circumstances  attended  its  introduction 
among  the  nations  of  the  north.  It  cannot  be 
necessary,  therefore,  to  pursue  this  part  of  the  sub- 
ject in  detail;  and  I  shall  advert  only  to  a  few 
of  the  more  prominent  and  remarkable  facts,  and 
especially  to  those,  which  belong  more  particularly 
to  our  own  country. 

Among  the  Scythians  Iron  was  known  as  early  as 
the  age  of  Herodotus,  and  he  expressly  says  that 
they  used  no  copper.  But  whether  they  were  really 
acquainted  with  copper,  and  whether  among  them, 
as  in  other  nations,  it  had  occupied  the  intermediate 
stage  between  the  employment  of  sharp  stones  and 
of  Iron,  the  expression,  which  he  uses  does  not 
distinctly  indicate.f  On  the  other  hand,  he  mentions 

^  Carew's  Surv,  of  Corn.  p.  8S.  Since  writing  this  paper,  I  have  found 
tliat  some  of  the  facts,  which  I. hare  detailed  on  the  subject  of  horse-shoes,  are 
mentioned  by  Bishop  Lowth  in  his  Commentary  on  Isaiah,  with  the  addition 
of  a  few  particulars,  of  which  I  have  not  spoken.  To  him,  therefore,  and  to 
Beckman,  who  follows  him,  I  beg  to  refer  the  reader  for  the  supply  of  nj 
omissions. 

t    Herod,  iv.  62.    'Afyipw  ih  wih  ouA  x^^  xji^wrfcu,  ib,  71. 
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tbe  Massagetae,  who  are  sometimes  confounded  with 
the  Scythians,  as  possessing  no  Iron  whatever,  and 
as  employing  copper  for  all  ordinary  occasions.* 
Dr.  Borlase,  indeed,  informs  us,  that  the  same  fact 
was  observable  among  the  Germans,  even  as  late 
as  the  first  century  of  the  christian  ssra ;  for  he  says, 
that  they  had  lid  Iron  in  the  time  of  Tacitus.f  But 
this  statement  df  the  learned  and  venerable  antiquary 
is  by  no  means  cdnsistent  with  the  account,  which 
we  have  received  from  that  historian  himself.  For 
though  he  speaks  of  the  infrequency  of  iron-weapons 
among  the  ^stii,  and  of  the  more  general  use  of 
clubs  for  that  reason ;  yet  frdm  what  he  says  of  the 
Catti,  it  appears,  that  among  them  at  least  instru- 
ments of  Iron  were  suflSciently  common,  and  he 
particularly  mentions  their  bustom  of  wearing  an 
iron-ringi  till  they  had  killed  an  enemy.  And  what 
is  still  more  to  the  point,  he  describes  one  of  the 
districts  of  Germany  as  having  iron-mines.;*;  But 
long  before  Tacitus  wrote  his  account  of  the  Ger- 
mans, Iron  so  abounded  in  Gaul,  that  as  we  learn 
from  Caesar,  the  Yeneti  moored  their  ships  with 
iron-chains,  instead  of  the  ordinary  means.f 

To  the  Britons,  also.  Iron  was  known  quite  as 
early :  and  though  at  the  time!  of  Caesar's  invasion 
it  seems  to  have  been  scarce  ;  yet  he  enumerates  it 
amoiig  the  natural  productions  of  the  island.  ||  Like 
the  Spartans  in  elder  times,  our  forefathers  used  it 

*    Herod,  i.  216.  t    Borl.  ^ntiq.  of  Com.  p.  290. 
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as  an  instrument  of  commerce ;  and  about  a  hun^ 
dred  years  ago^  some  specimens  of  the  rude  coinage 
mentioned  by  Caesar  were  found  in  considerable 
quantities  in  this  county.*    It  is  probable,  however^ 
that  they  had  money  of  other  kinds :  for  besides 
that  of  copper,  which  Caesar  expressly  mentions  r 
Strabo  and  Tacitus  speak  even  of  gold  and  silrer  as 
among  tha  mineral  treasures  of  the  country  ;  and  it 
is,  therefore,  to  be  presumed,  that  they  were  at  least 
among  the  possessions  of  the  inhabitants.f    Cicero, 
indeed,  had  been  informed,  that  neither  of  those 
metals  was  to  be  found  in  Britain ;  but  it  is  likely, 
that  the  accounts  to  which  he  refers,'  were  contra- 
dictory cnly  of  the  report  then  prevailing  in  Rome, 
that  the  mines  of  the  country  abounded  with  them.;{; 
With  regard  to  Iron,  however,  it  appears  to  have 
been  rare  and  precious,  even  as  late  as  the  beginning 
of  the  third  century :  for  at  that  time,  according  to 
Herodian,  the  Britons  wore  iron-belts  and  collars^ 
for  the  two-fold  purpose  of  ornamenting  their  per- 
sons, and  displaying  their  wealth.§    And  although^- 
as  in  other  countries,  it  must  have  come  into  more 
general  use,  when  it  was  obtained  in  greater  quan-^ 
tities ;  yet  there  seems  to  be  some  probability,  that 
its  application  to  many  purposes,  for  which  it  was 
known  to  be  available,  was  for  a  time  restricted  \xf 
certain  considerations  connected  with  the  religious^ 

*   Borl.  Antiq.  of  Com.  p.  276.        f   Strab.  iy.    Tacit,  in  Tit  Agric.  IS. 

X    Cic.  Epiflt.  ad  Fam.  yii.  7. 
§   Herodian.  iii.  47.    Iron-ringa  were  in  use  among  the  Romans  till  a  Tevjr 
late  period.    Plln.  H.  N.  xxiiii.  1.    Jur^n.  Sat  xi.  1S8. 
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system  of  the  Druids.  Their  sacred  herbs  were 
supposed  to  be  polluted  by  the  contact  of  Iron ;  and 
consequently^  no  instrument  of  that  metal  was  ever 
employed  in  the  mystical  formalities  of  the  annual 
gathering.  It  is,  therefore^  to  be  presumed,  that 
while  the  use  of  Iron  was  discountenanced  by  the 
national  religion^  from  the  belief,  that  it  would  cor- 
rupt its  objects^  and  invalidate  its  ceremonies,  some 
hidden  and  mischievous  qualities  would  be  thought 
to  reside  in  the  nature  of  the  metal  itself;  and  the 
peoplie  would  be  disinclined  to  use  it  even  on  com- 
mon occasions,  if  a  convenient  substitute  could  be 
obtained.  Peculiarities  of  this  kind,  indeed,  appear 
to  have  existed  in  the  early  institutions  of  other 
countries,  and  might  have  been  more  or  less  pro- 
ductive of  the  same  effect.  When  the  Jewish  Jaw- 
giver  was  commanded  to  build  an  altar  of  stone,  on 
that  occasion  the  use  of  iron-tools  was  strictly 
forbidden.  In  this  case,  however,  as  the  altar  was 
direct^  ;to  be  built  with  unhewn  stones,  and  as  tools 
of  every  kind  were,  therefore,  not  to  be  employed, 
it  is  tikely  that  the  injunction  referred  rather  to  the 
the  danger  of  introducing  artificial  fbrms  into  the 
religious  services  of  a  people  so  strongly  disposed 
to  idolatry,  than  to  any  unfitness  in  the  natural  pro- 
perties of  Iron.*  But  for  the  rejection  of  Iron  in 
similar  cases  among  the  heathen  nations,  I  do  not 
know  that  so  satisfactory  an  account  can  be  given ; 
and  the  instances,  which  are  recorded,  may  be 
imputed  to  craft  or  superstition.    The  Egyptians 

*    Exod.  XX.  95,    Deut.  xxvn.  5. 
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incised  the  body  for  the  embalmers  with  a  knife  of 
stone ;  and  with  the  same  instrument  the  Romans 
slew  the  victim  in  the  ratification  of  their  treaties. 
The  priests  of  the  Sabines  pretended^  like  the  high 
priest  of  Jupiter  at  Rome,  that  their  hair  was  not 
to  be  cut,  but  with  an  instrument  of  brass ;  and 
knives  of  the  same  substance  were  supposed  to  be 
necessary  in  collecting  plants  for  the  arts  of  the 
magician.^ 

A  prejudice  of  this  kind  would  easily  extend  itself 
beyond  the  circumstances,  to  which  it  might  at  first 
be  limited ;  and  it  was  at  length  believed,  that  those 
qualities,  which  could  stain  the  purity  of  a  religious 
service,  would  weaken  the  efficacy  of  medicine. 
Serenus  Sammonicus  thought  that  the  bark  of  the 
alder  would  lose  its  virtue,  if  it  were  collected  with 
an  iron-knife;  and  Galen  imagined,  that  certain 
medicines  would  be  rendered  useless,  if  they  were 
compounded  by  any  one  having  Iron  about  his 
person.  This  distrust  at  last  ripened  into  the  "belief, 
that  Iron  was  actually  poisonous ;  and  long  after  the 
time  of  Galen,  we  find  Avicenna  so  much  afraid 
of  the  pernicious  effects  of  its  reception  into  the 
stomach,  that  he  recommends  as  an  antidote  the 
immediate  administration  of  a  magnet,  unconscious 
that  he  was  merely  directing  a  second  dose  of  the 
imaginary  poison. 

It  had,  indeed,  been  supposed  from  an  early  period, 
that  wounds  inflicted  with  iron-weapons  would  not 
readily  heal ;  and  I  am  tempted  to  think,  that  soni^ 

*    Virg.  £n.  IT.  01S.    Macrob.  r.  10.    Senr.  ad  Sa.  i.  448. 


Iron  among  the  Ancienti.  133 

consideration  of  that  kind  might  have  influenced 
Marcus  Antoninus,  when  in  his  design  to  mitigate  the 
severity  of  the  gladiatorial  exhibitions,  he  forbad 
the  uise  of  sharp  weapons.  Xiphilinus  imputes  it 
to  his  dislike  of  slaughter :  but  as  from  the  same 
account,  we  learn  that  he  permitted  the  combatants 
to  use  blunt  weapons,  their  encounters  must  have 
been  more  dangerous  and  destructive,  than  the 
historian  supposes;  and  the  prohibition  may  be 
reasonably  referred  to  some  other  cause.*  To  this 
opinion  of  the  poisonous  qualities  of  Iron,  Bishop 
Watson  is  inclined  to  ascribe  that  article  in  the 
treaty  of  Porsena  with  the  Romans,  in  which, 
accqrding  to  Pliny,  it  was  expressly  stipulated,  that 
they  should  discontinue  the  use  of  Iron,  except  in 
the  manufacture  of  agricultural  implements.  But 
we  have  no  evidence,  that  such  properties  were  at 
that  time  ascribed  to  it ;  and  the  fact  seems  to  admit 
of  a  very  different  explanation.  For  whatever  may 
be  pretended  by  the  other  historians,  Tacitus  ac- 
knowledges that  Porsena  subdued  the  Romans,  and 
obtained  possession  of  their  city ;  and  it  is  possible, 
therefore,  that  he  exacted  the  stipulation  in  question, 
as  the  Romans  themselves  did  afterwards  in  the  case 
of  the  Ligurians,  not  from  any  fear  of  the  poisonous 
nature  of  Iron,  but  that  he  might  secure  and  con- 
tinue their  subjection,  by  depriving  them  of  the 
most  effective  means  of  resistanccf 
Such  are  some  of  the  more  remarkable  facts,  which 

*   Xiphil.  in  Wt  Marc.  Anton.  6. 
t  Plla.  Hiit  Nat.  zudT.  14.   '^icnlU  Hift  tii.  79.  Flonii  de  Reb.  Rom.  u.  S. 
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I  bave  oollected  witk  respect  to  the  use  of  Iron, 
among  the  early  nations  of  Europe ;  where,  as  we 
have  seen,  it  became  known,  long  after  it  had  been 
in  general  use  in  the  east.  The  scattered  notices, 
which  exist  on  the  subject,  are  somewhat  obscured, 
and  the  enquiry  has  been  consequently  embarrassed, 
not  only  from  the  practice  so  common  among  poets 
and  historians  of  describing  the  events  of  remote 
times,  according  to  the  state  of  the  arts  in  their  own 
age ;  but  from  the  contrary  custom  of  designating 
the  workers  in  Iron  and  brass  by  the  same  appella- 
tion :  for  when  the  manufactures  of  Iron  were  not 
such  as  to  require  a  distinct  class  of  artificers,  they 
constituted  only  a  part  of  the  general  busuness  of  the 
copperHsmith ;  and  hence  the  term,  by  which  his 
proper  and  more  ordinary  employment  was  strictly 
described,  was  equally  applied  to  such  occupations 
as  were  merely  subordinate  and  occasional.* 

These  difficulties,  therefore,  may  be  allowed  to  ex^ 
plain  and  extenuate,  in  some  degree,  the  imperfect 
success  with  which  the  investigation  has  been  pro- 
secuted. There  could  be  little  hope,  indeed,  that  on 
a  subject  so  restricted  to  times  far  distant,  and  to 
customs  indistinctly  described,  some  questions  would 
not  be  insufficiently  pursued,  and  some  aectdentaliy 
neglected ;  and  my  purpose,  therefore,  has  been  less 
to  satisfy  curiosity  by  the  fulness  of  the  present 
enquiry,  than  to  stimulate  it  to  others  of  greater 
labour,  and  of  higher  interest. 

•  XaXxeaSf  tovs  rov  criSyj^av  If ya^Ojxivoi;;.  Arist.  Poet  46.  See  Hom. 
Odys,  ix.  S91. 
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Ik  Cornwall  alluvial  deposits  afe  usually  found  in 
tallies^  where  they  have  been  transported  from 
iiigher  lerds.  Ttni  fragments  of  rock,  which  cont* 
pose  them^  are  rounded  more  or  less,  by  attrition,  or 
in  other  words,  by  a  lofl^  exposure  to  the  violent 
action  of  water.  I  have  tracfed  some  of  these  frag«* 
ments  so  deposited,  to  the  distance  of  several  miles 
from  the  beds  or  lodes  which  produced  them.  But 
it  is  Aot  so  easy  to  account  for  the  situation  of  one 
of  these  alluvial  deposits  on  a  high  insulated  and 
ednical  bill,  such  as  that  of  St.  Agnes  beacon. 

Dr.  Borlase  is,  I  believe,  the  first  writer,  who  has 
noticed  ibis  singular  phenomenon^  as  well  as  the 
remarkable  &Gt>  that  the  alluvial  tin  is  here  covered 
with  a  formation  of  sand  and  of  pipe  clay.  We 
have  no  other  example  in  this  primitive  country,  of 
such  a  formation.  It  occurs  only  in  eouatries  of 
vbotd  recent  origin. 
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The  existence  of  the  alluvial  fragments  of  rock 
here,  has  long  been  known  in  Cornwall ;  and  it  has 
been  regarded  as  a  remarkable  fact  which  merited 
attention ;  but  there  are  few  persons,  I  believe,  whtt 
have  been  induced  to  visit  the  spot,  in  order  to 
obtain  a  perfect  knowledge  of  all  the  circumstances 
under  which  it  occurs ;  at  least,  it  has  not  been  in 
my  power  to  collect  from  others  those  particulars, 
which  alone  can  enable  us  to  draw  any  just  conclu-^ 
sions  with  regard  to  the  origin  of  such  a  deposit. 

The  following  particiilars  are  the  result  of  a  visit 
which  I  lately  made  to  St.  Agnes  for  that  purpose. 

The  deposit  of  sand,  clay,  and  alluvial  fragments 
of  rock,  occurs  at  an  elevation  of  three  hundred 
and  seventy-five  feet*  above  high  water  at  spring 
tides,  and  it  mantles  round  the  base  of  that  central 
eminence,  which  is  commonly  called  the  Beacon. 
Beneath  it,  in  the  killas  rock,  are  some  of  the  richest 
tin  lodes,  which  have  been  worked  in  this  county. 

The  greatest  breadth  of  this  deposit,  which 
amounts  to  one  hundred  and  fifty  fathoms,  is  situat- 
ed on  the  eastern  side  of  the  beacon.  It  gradually 
contracts  on  the  northern  to  seventy  fathoms,  and 
vanishes  about  half  way  in  its  progress  along  the 
western  side.  Its  surface  presents  one  uniform  line 
of  inclination  on  all  these  three  sides  of  the  beacon. 

*  According  to  Dr.  Berger't  barometrical  measarement,  the  haight  of  St. 
Agnes  beacon  is  664  feet ;  but  in  the  account  of  the  great  trigonometrical  sur- 
vey of  this  part  of  England,  it  amounts  to  609  feet  only.  Of  the  accuracy  of 
this  last  statement  I  entertain  some  doubt :  ttiis,  at  well  as  most  of  the  otiier 
heights  used  in  the  survey,  having  been  deduced  from  two  very  remote  stations. 
It  is  extraordinary  that  such  an  opportunity  should  have  been  omitted  of  repeat- 
ing the  operation,  which  was  used  upon  those  two  occasions,  that  of  leveUing 
down  to  low  water  mark. 


Deposit  on  St.  Agnes  Beacon.  137 

Several  pits  have  been  sunk  through  the  beds  of 
this  deposit  for  the  extraction  of  the  white  sand 
and  clay,  which  are  applied  to  various  uses.  The 
first  which  I  visited  lay  near  Trevaunance,  and  close 
by  a  mine,  which  is  called  Wheal  Gobe.  Here, 
beneath  the  vegetable  mould,  I  found  a  deep  bed  of 
what  is  called  yellow  cobb  mixed  with  rubble,  not 
materially  d^ering  from  that  which  usually  covers 
the  killas  rock.  This  was  succeeded  by  fine  clay  in  a 
bed  of  two  feet,  then  by  clay  and  sand  to  the  farther 
depth  of  three  feet,  and  ultimately  by  a  fine  white  grit 
sand,  the  depth  of  which  had  not  been  ascertained. 

On  the  edge  or  margin  of  this  deposit,  where  it 
joins  the  base  of  the  beacon,  the  beds  of  clay  and 
sand  are  said  to  disappear  rather  suddenly,  and  the 
rubble  alone  remains.  Here,  at  a  spot  called  Opie's 
Field,  where  the  rubble  is,  for  the  most  part,  twenty 
feet  deep,  has  been  found,  immediately  beneath  it, 
and  on  the  surface  of  the  bare  rock,  no  small  quan- 
tity of  alluvial  tin,  in  fragments  of  all  sizes,  one  of 
which,  a  mass  of  rock  with  rounded  angles,  is  said 
to  have  produced  twenty-one  hundred  weight  of 
black  tin,  and  to  have  been  found  lying  only  twelve 
feet  below  the  surface  of  the  rubble.  I  saw  here 
(perhaps  at  a  higher  level  of  the  hill,  where  the 
alluvial  beds  were  not  so  thick)  a  considerable  number 
of  boulders,  or  large  fragments  of  rock,  worn  smooth 
by  alluvial  attrition,  which  had  been  found  in  the 
same  situation  with  respect  to  the  surface  of  the  rock. 

The  next  pit  which  I  examined,  was  one  which 
had  been  sunk  in  the  new  downs,  as  it  is  called,  on 
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the  north  side  of  the  beacon.  Here  I  found  the 
yellow  cobb^  two  feet  and  half  in  depth,  mixed  with 
a  great  proportion  of  rubble,  all  of  which  was  com- 
posed of  the  hard  quartzy-veined  killas,  here  called 
caple.  This  bed  underlies  with  the  hill  to  the  north. 
The  next  to  it,  in  succession,  was  a  bed  of  brown 
sand,  which  attained  a  thickness  of  nine  feet.  This 
bed  underlies  also  to  the  north,  but  has  numerous 
sedimentary  divisions,  which  dip  in  an  angle  of  45^ 
to  the  south.  Then  occurred  nine  or  ten  feet  of 
bhiish  gray,  and  brown  clay,  some  portion  of  which 
had  a  slight  mixture  of  carbonic  matter.  This  bed 
is  capped  with  four  or  five  inches  of  white  clay. 
The  pit-man  takes  only  the  clay,  which  is  one  foot 
deep  here,  for  the  use  of  the  miners,  because  what 
•lies  deeper  is  mixed  with  too  much  sand  for  the  pur- 
pose to  which  it  is  applied.  Below  this  sandy  clay 
they  find  grit-sand  six  or  seven  feet  deep,  until  they 
reach  the  rock,  which  is  said  to  be  even  and  naked. 
The  entire  depth  of  the  deposit  to  the  rock  is  twenty- 
four  feet,  but  its  breadth  here  does  not  exceed 
seventy  fathoms,  and  it  abruptly  ceases,  on  the  side 
of  the  beacon,  being  cut  off  by  a  sort  of  bank  or 
cliff,  although  there  is  nothing  on  the  surface  of  the 
ground,  which  indicates  such  an  interruption. 

From  the  father  of  the  pit-man;  who  worked  here, 
Capt.  James  Stephens,  I  subsequently  procured  the 
following  general  information  respecting  these  beds. 

Immediately  beneath  the  vegetable  mould  lies 
from  two  to  three  feet  of  cobb,  pretty  free  from 
rubble  or  other  matters. 
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Then  from  three  to  four  feet  of  yellow  sand,  which 
is  succeeded  by  fourteen  inches  of  mining  clay. 

After  this  comes  four  and  half,  or  five  feet  of 
white  sand,  and  then  from  two  to  three  feet  of  yellow 
sand.  Next,  occur  pebbles  of  a  flattened  shape, 
which  are  a  few  inches  in  breadth,  resting  on  two  or 
three  inches  of  what  he  calls  black  mud,  which  is 
in  contact  with  the  surface  of  the  rock. 

Capt.  Stephens  added,  that  the  sand  and  clay 
deposit  extends  for  some  distance  along  the  western 
base  of  the  beacon,  preserving  a  breadth  of  about 
forty  fathoms,  and  there  the  beds  are  as  follow. 
First,  under  the  vegetable  mould,  yellow  cobb,  mixed 
with  much  rubble  four  feet  deep,  then  clay,  which 
has  a  thickness  of  six  feet,  after  which  succeed  two 
or  three  feet  of  what  he  called  puddle  sand. 

This  deposit  terminates  likewise  on  this  side  as 
you  approach  the  beacon,  as  abruptly  as  it  does  on 
the  north  side.  It  observes  the  same  level  on  the 
west  as  on  the  north  of  the  beacon,  and  on  thes^ 
sides  no  stream-tin  has  been  found  beneath  it. 

As  for  the  stream-tin,  which  has  been  found  on 
the  eastern  side,  it  occurs  sometimes  on  the  smooth 
surface  of  the  killas  rock,  more  abundantly  in  the 
hollows,  which  have  been  formed  on  it,  apparently 
by  the  action  of  running  water,  and  always  beneath 
the  larger  masses  of  rock  which  are  scattered  over 
it.  Capt.  James  Stephens,  who  communicated  these 
particulars,  omitted  to  mention  the  occurrence  of 
sand-stone  between  the  beds  of  clay  and  sand  on 
the  north  of  the  beacon. 

82 
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St  Agnes  beacon  is  certainly  a  very  remarkable 
hill,  for  it  is  the  most  insulated  of  any  in  this  county, 
and  the  line  of  descent  is  unbroken  in  every  direc* 
tion  until  it  reaches  the  common  level. 

About  one  half  of  the  periphery  of  its  base  is 
bordered  by  the  sea.  A  rapid  descent  into  two 
narrow  vales,  which  communicate  on  two  opposite 
sides  of  the  hill  with  the  sea,  forms  a  sort  of  natural 
boundary,  for  the  space  of  another  quarter  of  its 
periphery,  and  the  remainder  has,  at  a  remote  period 
of  time,  been  very  strongly  fortified.  The  area 
within  these  boundaries  contains  twelve  hundred 
and  thirteen  statute  acres,  and  a  small  portion  of  it, 
not  exceeding  one  eighth,  has  produced  more  tin 
than  any  spot,  of  the  same  extent,  in  this  county. 

The  lodes  run  through  killas,  and  when  we  cohsider 
how  numerous  they  are,  and  how  rich  they  have 
proved,  it  appears  extraordinary  that  they  should 
occur  at  so  great  a  distance  from  the  central  hills 
of  granite,  which  mark  so  invaribly  in  all  other  dis* 
tricts,  the  vicinity  of  those  lodes  of  tin  and  copper, 
which  are  the  chief  objects  of  mining  adventure. 
I  have,  therefore,  for  a  long  time  entertained  a  suspi^ 
cion  that  granite,  in  some  shape  or  other,  constituted 
the  basis  of  this  great  hill,  and  this  suspicion  has  in 
part  been  verified;  tor  a  considerable  porticm  of 
the  more  extended  flanks  of  the  hill  on  the  north- 
western side  of  the  beacon,  consists  of  a  sort  of  rock, 
which,  without  being  decidedly  growaa  or  elvan, 
participates  of  the  nature  of  each,  and  is  hete  called 
growan.    The  quartz  and  the  feltspar  are  in  part  so 
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finely  and  intimately  mixed  in  the  composition  of 
this  rock  as  to  resemble  the  paste  of  some  porphy- 
riesy  bnt  larger  crystals  of  each  lie  interspersed  in  it^ 
and  these  in  proportion  as  they  attain  a  greater  size, 
become  fewer,  those  of  feltspar  being  the  largest. 
The  mica  is  nearly  wanting. 

This  compound  rock,  which  occurs  on  the  northern 
and  north-western  flanks  of  the  hill,  and  at  a  lower 
level  than  the  sand  deposit,  extends  in  a  north-eastern 
and  souih-westem  direction.  It  protrudes  no  where 
above  the  surfiice  of  the  ground,  except  in  the  form 
of  scattered  masses ;  but  it  has  been  the  seat  of 
much  mining  adventure  at  some  early  period,  for  it 
abounds  in  tin-lodes,  one  of  which  has  been  worked 
out  from  the  sur&ce  to  a  considerable  depth :  the 
two  smooth  walls  being  left  untouched.  At  tliis 
spot,  which  is  called  Wheal  Coates,  from  some 
renewed  attempts  to  open  a  mine,  I  found  a  person 
of  experience,  from  whom  I  collected  the  following 
particulars. 

The  beds  of  the  growan  underlie  a  little  to  the 
north,  and  several  parallel  lodes,  which  are  for  the 
most  part  very  small,  run  through  them.  These 
lodes  differ  6ot  from  those  which  are  so  usual  in 
growan,  being  composed  of  quartz  and  schori,  with 
a  little  tin.  They  have  an  east  and  west  direction, 
and  are  supposed  to  extend  through  the  beacon, 
whidi  is  composed  of  killas ;  but  it  has  been  remark- 
ed that  when  (iiey  reach  the  diff,  in  the  opposite 
dnrection,  tbey  cease  to  bear  tin^and  aro  wholly  eoB- 
poaed  of  iron.    Hera^  too,  th^  are  in  kHfas :  in 
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short  they  have  been  productive  of  tin  only  in  the 
growan.  But  what  is  very  remarkable,  a  great  por- 
tion of  this  rock  consists  of  alternate  courses  of 
hard  and  soft  growan,  running  in  an  east  and  west 
direction. 

The  following  is  the  order  in  which,  as  far  as  I 
could  collect  from  my  informer,  they  succeed  each 
other  in  a  small  part  of  the  hill,  which  I  examined. 

1st.    A  large  lode  filled  with  loose  growan. 

2nd.  A  bar,  as  it  is  here  called,  of  hard  growan, 
running  parallel  with  the  lode  on  each  side. 

3rd.  A  small  lode  running  on  the  outside  of  each 
of  these  bars. 

4th.    The  common  growan. 

Advancing  southwards  from  the  last-mentioned, 
soft  growan  succeeds  to  the  hard  growan,  and  ex- 
tends to  a  breadth  of  two  hundred  and  fifty  fathoms. 
This  has  been  sunk  through  to  the  depth  of  sixty 
fathoms,  without  reaching  the  hard  growan.  It 
contains  broken  masses  of  hard  growan  oi  all  sizes, 
and  when  the  miners  are  driving  north  and  south 
through  this  soft  growan,  they  suddenly  arrive  at  a 
solid  wall  of  the  hard  growan.  The  hard  courses 
vary  from  three  to  twelve  feet  in  breadth.  I  found 
the  breadth  of  one  of  the  soft  courses  of  growan  to 
be  five  fathoms,  and  in  a  quarry  near  this  spot,  I 
observed  the  soft  overlying  the  hard  growan,  and  at 
the  bottom  of  the  soft  growan,  both  rounded  and 
angular  fragments  of  the  rock,  of  all  sizes.  The 
extent  of  the  soft  growan  eastward  from  this  point, 
towards  the  foot  of  the  beacpn,  is  about  three  hun- 
dred  and  fifty  fathoms. 


Deposit  on  SL  Agnes  Beacon.  143 

The  very  remarkable  twin  crystals  of  feltspar, 
which  are  so  well  known  to  collectors  of  minerals^ 
are  found  in  the  soft  growan,  contiguous  to  the  lodes 
here^  and  I  received  from  the  Captain  of  Huel  Coates 
mine,  a  small  collection  of  very  perfect  insulated 
crystals  of  quartz,  which  he  had  picked  out  of  the 
soft  growan. 

The  great  lode,  as  it  is  here  called,  underlies  three 
feet  and  half  to  the  south.  All  the  other  lodes 
underlie  to  the  north  about  one  foot  in  a  fathom. 
They  abound  in  heaves  and  slides. 

Under  the  black  vegetable  mould  I  observed  six 
or  eight  feet  of  brown  rubble-earth,  filled  with  peb- 
bles of  quartz  and  peach-rock,  more  or  less  rounded, 
together  with  some  fragments  of  growan.  Intermix- 
ed with  this  rubble,  they  find  tin  both  in  the  state 
of  sand  and  gravel.  They  even  find  tin  in  the  black 
mould  above  it.  I  also  observed  some  marks  of 
streaming  excavations  down  to  the  surface  of  the 
hard  rock.  This  alluvial  deposit  must  be  referred 
to  the  same  epoch  as  that  which  produced  the 
stream-tin,  on  the  opposite  side  of  the  beacon. 

I  have  thought  it  necessary  to  record  all  these 
particulars  respecting  this  very  insulated  mass  of 
granitical  rock,  because  they  collectively  throw  some 
light  on  its  natural  history.  Its  compound  nature 
is  so  evident,  that  the  miners  here  do  not  hesitate 
to  call  it  a  growan.  On  the  other  hand  the  mica, 
which  is  one  constituent  part  of  granite,  is  here 
almost  wanting,  and  the  insulated  crystals  of  quartz, 
which  are  dispersed  through  the  mass,  give  to  it  the 
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character  of  a  porphyry ;  the  question  of  its  denomi- 
nation,  therefore,  lies  between  the  choice  of  the  two 
terms  porphyritical  granite  or  granitical  porphjrry. 

The  same  rock  occurs  again  at  Clig^^ar  point, 
below  the  great  St.  George  mine,  and  on  the  rise  of 
the  hill,  close  to  the  south  lode  of  Wheal  Leisure, 
although  in  masses  of  small  extent  The  specimens 
of  the  rock,  which  I  procured  from  each  of  these 
places,  are  in  a  semi-indurated  state,  and  of  a  light 
grey  colour ;  and  it  is  remarkable  that  all  the  killas 
at  Wheal  Leisure  is  in  the  same  state  of  induration, 
and  nearly  white.  Is  it  £Edr  to  conclude  that  this 
anonymous  rock  has  such  a  geognostical  affinity  to 
these  rich  copper  lodes,  as  may  account  for  their 
existence  here  in  a  district  so  remote  from  the 
central  granite? 

Since  the  above  was  communicated  to  the  society, 
I  have  received  a  specimen  of  true  granite  fit>m 
Cliggar  point.  I  am  disposed,  therefore,  to  consider 
all  the  growan  of  the  beacon,  as  well  as  of  Clig^pur 
point  and  of  Wheal  Leisure,  merely  as  modifications 
of  granite,  and  not  as  varieties  of  elvan. 


XI. — On  the  Manipulations  to  which  the  Ores  of 
Tin  and  Copper  are  snJyected  in  the  central  mining 
district  of  Cornwall. 

By  W.  J.  HEN  WOOD,    F.G.S., 

DF^UTY  ASSAY  MASTER  OP  THB  DOCHY  OP  CORNWALL  ;  MEMBER  OP  THE  SOCIETY  ; 
AKD  CORRESPONDING  MEMBER  OP  THE  PLYMOUTH  INSTITUTION. 

(Read  October,  1888.) 


Xhe  mode  of  dressing  the  tin  and  copper-ores  of 
Cornwall^  or  preparing  them  for  being  smelted^  has 
been  described  by  Borlase^*  and  more  largely  and 
minutely  by  Pryce  ;f  but  within  the  last  fifty  years 
considerable  modifications  and  improvements  have 
been  introduced^  and  although  the  principle  on 
which  the  operations  are  conducted  is  nearly  the 
same,  the  mode  of  applying  it  is  in  many  cases  very 
different.  It  will  also  be  perceived,  on  comparing 
the  following  observations  with  those  of  Dr.  Boase,;{; 
that  the  practice  in  the  central  mining  district  of 
Cornwall  varies  considerably  from  that  which  pre- 
vails in  the  mines  of  St.  Just  and  its  vicinity. 

*    Nat.  Hist  page  177.         t    Mineralogia,  page  215. 

X    Vol.  2,  page  886. 
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It  should  here  he  premised,  that  the  tin-ores  are 
in  general  carried,  by  the  miner,  through  all  the 
operations  necessary  for  their  purification  previous 
to  their  being  smelted.  The  smelter  has,  therefore, 
only  to  carry  them  twice  through  the  furnace :  by 
the  first  melting,  they  are  brought  into  a  metallic 
state ;  and  by  the  second,  the  metal  is  sufficiently 
purified.  The  ores  of  copper,  on  the  contrary,  are 
only  brought  by  the  miner,  into  the  state  which 
makes  them  fit  for  roasting  or  calcining:  in  this 
state  they  are  sold  to  the  smelter,  by  whom  they  are 
alternately  roasted  and  smelted  several  times,  before 
any  appearance  of  copper  is  visible ;  and  after  they 
are  reduced  to  metal,  it  undergoes  three  purifying 
operations,  before  it  is  fit  for  the  market.  On 
this  account,  although  a  given  quantity  of  average 
copper-ore,  as  it  comes  from  the  lode,  is  much 
richer  and  more  valuable  than  an  equal  quantity  of 
tin-ore  in  the  same  state ;  the  tin-ore  when  prepared 
for  sale,  is  at  least  seven  times  richer  than  that  of 
copper. 

Tin-Ores. 

The  first  operation  after  the  ore  is  raised  from 
the  mine,  is  to  break  into  pieces  about  as  large  as  a 
man's  fist,  any  stones  whieh  may  exceed  that  size ; 
and  to  rejeet  such  portions  of  them,  as  do  not  con- 
tain more  ore  than  will  repay  the  cost  of  dressing. 
Although  this  appears  a  matter  of  little  consequence, 
it  is  of  importance  to  separate  as  much  ^s  possible 
of  the  refuse  in  the  first  plac« ;  as  the  loss  of  ore  in 
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dressing  is  proportional  to  the  quantity  of  refuse. 
The  tin-ore^  in  some  stones^  is  scarcely  perceptible  to 
the  eye ;  in  which  case  the  workman,  from  time  to 
time,  reduces  a  small  quantity  to  an  almost  impalpa- 
ble powder,  and  by  repeatedly  immersing  it  in  water, 
and  shaking  it  to  and  fro  on  a  shovel,  the  impurities 
are  removed:  by  this  simple  operation,  which  is 
called  vanning,  the  quality  of  the  ore  is  roughly  ascer- 
tained, as  well  as  the  size  to  which  it  must  be  reduced, 
in  order  to  its  being  freed  from  foreign  substances. 
The  ore  is  now  ready  for  the  stamping-mill. 
This  machine  consists  of  three  or  four  upright 
wooden  beams,  called  stampers,  about  ten  feet  long, 
and  seven  to  eight  inches  square,  to  the  lower  extre- 
mities of  which  are  attached  pieces  of  cast  iron ; 
varying  in  weight  from  one  hundred  and  half,  to 
four  hundred  and  quarter:  these  are  placed  in  a 
wooden  frame,  and  alternately  lifted  up  about  ten 
inches  by  the  cogs  or  wipers  of  a  horizontal  axle, 
which  is  moved  round  either  by  a  water  wheel  or  a 
steam  engine.*  The  ore  is  placed  oh  an  inclined 
plane  close  to  the  bottom  of  the  stampers,  and  as 
these  are  lifted  up,  a  portion  of  it  slides  do\f  n 
directly  underneath  them,  and  is  crushed  by  their 
fall.  The  aperture  through  which  it  is  admitted, 
is  of  such  dimensions  as  to  prevent  the  entrance  of 
so  much  as  would  impede  the  action  of  the  machine. 

*  The  mills  v<4iiok  hiM  osly  ttiree  or  ftnur  stanpers  are  those  which  are 
worked  by  water  wheels :  by  the  application  of  steain,  the  number  of  stampers 
bat  been  increased  in  many  cases  to  twenty-fow,  and  in  some  to  thirty-six,  and 
even  forty-eight. 

T  2 
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The  second  stamper  is  lifted  an  instant  before  the 
fall  of  the  firsts  and  the  third  before  that  of  the 
second.  The  fall  of  the  first  forces  a  portion  of 
the  ore  underneath  the  second,  and  that  of  the  second 
underneath  the  third:  the  fall  of  the  last  forces 
such  of  the  ore  as  has  been  sufficiently  pulverized, 
through  a  grating*  placed  opposite  the  apperture 
by  which  the  ore  is  admitted  under  the  stamper : 
the  holes  of  the  grating  vary  in  size,  according  to 
the  nature  of  the  ore,  from  the  diameter  of  a  reed 
to  that  of  a  small  needle :  the  whole  is  copiously 
supplied  with  water,  which  aids  the  progress  of  the 
tin  through  the  grating,  and  is  in  proportion  to  the 
size  of  the  holes  therein.  Adjoining  the  stamping- 
mill,  and  connected  with  the  grating  by  a  conduit, 
are  two  pits:  the  ore  after  passing  through  the 
grating,  runs  into  the  nearest  pit,  in  which  the 
rough  ore  lodges,  as  well  as  the  heavier  part  of 
what  is  reduced  to  powder,  and  known  by  the  name 
of  slime :  this  rough  ore,  when  dressed,  is  called  the 
CROP.  The  remainder,  with  the  lighter  slime,  which 
passing  through  the  firist  pit,  is  retained  in  the 
second,  when  dressed,  is  called  the  leavings,  and 
varies  in  quantity  from  one-fourth  to  oncnseventh 
of  the  whole.  Now  begins  the  process  of  purifica- 
tion, so  far  as  to  prepare  the  ore  for  being  smelted ; 
and  this  comprizes  a  surprizing  number  and  variety 
of  operations,  but  the  great  principle  of  the  whole 
is  that  of  subsidence  by  superior  gravity. 

*  The  grating  should  be  made  of  copper  where  the  water  containfi  cupreous 
salts ;  but  otherwise,  of  iron :  whilst  in  some  places,  the  grating  is  entirely 
dispensed  with. 
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The  Crop. 

1.  The  first  operation  is  BuddUng.  The  huddle 
is  a  wooden  case  about  eight  feet  long,  two  and  half 
to  three  feet  wide,  and  two  to  two  and  half  feet 
deep,  fixed  in  the  ground,  one  and  of  it  being  a  little 
elevated :  on  the  rim  of  the  higher  end  is  fixed  a 
board  from  a  foot  to  sixteen  inches  wide,  extending 
from  side  to  side,  and  somewhat  more  inclined  than 
the  huddle :  it  is  termed  the  jagging  board.  The 
operator,  who  is  usually  a  man  or  a  stout  boy,  spreads 
tbe  ore  on  the  jagging  board,  and  with  his  shovel 
cuts  it  into  small  furrows,  parallel  to  the  length 
of  the  huddle :  a  small  current  of  water  which  is 
admitted  at  the  head  of  the  huddle,  is  made  to  run 
equally  on  every  part  of  the  board.*  The  action  of 
the  water  carries  all  the  ore  into  the  case,  where  the 
richer  and  finer  portions  subside  near  the  head; 
whilst  the  rougher  and  lighter  portions  are  carried 
towards  the  lower  part.  The  workman,  who  stands 
in  the  buddle  about  three  feet  from  the  head,  assists 
the  action  by  gently  passing  his  foot  along  from  side 
to  side.f  This  process  is  continued  until  the  buddle 
is  filled.  Its  contents  are  then  divided  into  three 
or  four  parts,  according  to .  the  quality  of  the  ore : 
these  divisions  are  denominated  heads,  first  middle 


*  The  water  varies  in  quantity  according  to  the  roughness  of  the  ore ;  that 
which  is  coarsest  requiring  about  as  much  as  a  circular  aperture  of  an  inch 
fnd  half  in  diameter  would  admit,  but  the  finest,  only  about  one-ninth  of  that 
quantity. 

t  When  the  ore  is  rough  this  operation  is  generally  performed  with  the 
naked  foot ;  but  when  the  particles  are  very  fine,  the  foot  is  usually  shod  with 
a  smooth  piece  of  wood, — the  brogue. 
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heads,  second  middle  heads y  and  tails;*  the  heads ^ 
or  richest  part^  being  nearest  the  head  of  the  huddle, 
and  the  tails,  or  worst  part,  being  nearest  the  foot : 
each  of  these  is  again '^separately  Auddled,  until  the 
ore  at  the  head  of  the  huddle  is  freed  from  the 
poorer  and  rough  particles.f  They  are  then 
exposed  to  the  following  operations,  viz.  the  heads 
are  tossed;  the  Jirst  middle  heads  are  chimmed;^ 
the  second  middle  heads  are  dillued;  and  the  tails,  if 
poor,  are  thrown  amongst  the  leavings.^ 

2.  Tossing,  Toxing,  or  Terloobing,  to  which  the 
heads  are  subjected,  is  performed  in  a  kieve,  or  large 
tub,  about  one-third  filled  with  water,  which  a  work- 
man stirs  about  rapidly,  whilst  another  gently  puts 
in  the  ore  with  a  shovel ;  this  is  continued  till  the 
vessel  is  nearly  full :  the  stirring  is  then  stopped, 
and  the  outside  of  the  kieve  is  smartly  struck  with 
a  hammer  until  the  ore  has  subsided :  this  is  called 
packing,  and  in  some  cases  a  few  minutes  are  suffi- 
cient for  it,  but  in  others  it  is  necessarily  continued 
for  some  hours,  the  time  being  longer  as  the  ore  is 
finer.    By  this  process  the  most  impure  parts  are 

*  When  the  ore  la  of  low  quality,  tiie  taU$  are  at  once  thrown  amongst  the 
letmmga ;  bat  otberwise  they  are  again  biMled^  &«.  When  the  ore  is  extremely 
poor,  the  taUa  occupy  nearly  three-fourths  of  the  buddU. 

t  Tine  Jlr$t  middle  head  of  the  second  budd^f  is  frequently  pot  with  the 
head  of  the  first  6iid<Utii^;  and  the  seamd  middle  head  of  the  second  mixed 
with  the  first  middle  head  of  the  first ;  and  the  tail  of  the  second  with  the 
second  mtddle  head  of  the  first 

t  The  firtt  middh  heads  are  often  tossed  like  the  heada,  instead  of  being 
ehhmmed,  and  the  eeeond  are  ckmmed  instead  of  being  dWmed :  in  fact  the  ofider 
of  the  operations  is  frequently  altered,  to  meet  the  quality  of  the  ore. 

§  Otherwise  they  are  again  huddled  and  then  tytd,  and  the  rougher  parts 
which  remain  are  again  Hamped  with  a  very  small-holed  grating :  and  all  that 
is  not  reduced  to  slime  is  again  huddled,  tossed,  &c. 
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brought  to  the  top,  whilst  the  remainder  subsides  in 
the  order  of  gravity:  once  tossing  is  frequently 
insufficient,  in  which  case  the  operation  is  once  or 
twice  repeated.  The  whole  is  now  divided  horizon- 
tally into  two  or  more  parts :  the  lowest  division 
(unless  it  requires  roasting  or  calcination  in  order  to 
clear  it  as  far  as  possible  from  the  ores  of  iron,  copper 
or  2inC|  which  is  generally  the  case)  is  considered  fit 
for  the  smelting  house.  The  upper  divisions  (when 
the  whole  is  separated  into  three)  are  denominated 
tcp  and  bottom  skimpings  (skimmings):  these  are 
again  huddled  and  tossed:  after  huddling,  the  tails 
are  thrown  amongst  the  leamngs ;  and  the  middle 
heads  are  mixed  with  the  skimpings  of  the  first 
middle  heads  ;  after  tossing  the  skimpings  are  put  to 
the  leavings,*  and  the  ore  in  the  lowest  part  of  the 
kieve,  is  fit  either  for  the  smelting  house  or  the 
burning  house.f 

3.  Chimming,  to  which  the  first  middle  heads  are 
subjected,  is  an  operation  which  appears  at  first  sight 
to  differ  scarcely  at  all  from  tossing.  The  kieve  in 
which  it  is  performed  is  inclined  at  an  angle  of 
about  45^  About  two  hundred  weight  of  ore,  with 
an  equal  weight  of  water,  are  put  into  it,  and 
vidently  agitated  by  stirring  until  the  whole  of  the 
ore  is  suspended;  the  stirring  being  stopped,  the 
vessel  is  beaten  on  the  outside,  as  in  tossing :  the 
water  being  withdrawn,  the  upper  layers  of  ore 
(  also  called  skimpings)  are  treated  in  the  same  way 

*    Hmm  Are  termed  $kimfmgs  i^skimfingif  and  ase  dressed  on  the/mme. 
t    The  home  in  which  the  rewtiiig  or  calcming  fonmoee  are  erected. 
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as  after  tossing :  the  lower  part  is  fit  for  the  smelting 
house  or  the  burning  house.  This  mode^  which 
is  of  comparatively  recent  adoption,  is  now  generally 
practised  in  the  Gwennap  mines,  in  preference  to 
tossing,  both  for  heads  and  middle  heads,  especially 
when  the  impure  parts  of  the  ore  are  very  heavy. 
It  is  evident  that  when  a  hieve  is  inclined,  the  space 
at  the  bottom  is  narrower,  whilst  the  space  near  the 
surface  of  the  water  is  larger,  and  the  depth  greater 
than  if  it  were  in  a  horizontal  position,  as  in  the 
operation  of  tossing :  it  is  probable  that  the  impure 
parts  are  thus  more  easily  kept  in  suspension,  and 
from  the  greater  vibratory  motion  imparted  by  the 
hammering,  in  consequence  of  the  kieve  resting  on  a 
small  and  narrow  base,  the  whole  of  the  richest 
part  probably  subsides  more  speedily  than  it  does  in 
tossing. 

4.  DiUuing.  To  this  operation  the  second  mid- 
die  heads  are  generally  subjected.  It  is  performed 
with  a  hair  bottomed  sieve  of  close  texture,  into 
which  an  assistant  puts  about  thirty  pounds  of  ore  : 
the  operator  then  immerses  it  in  a  kieve  about  two 
thirds  full  of  water,  and  by  moving  it  rounid,  as  well 
as  up  and  down,  and  from  side  to  side,  in  the  water, 
the  small  and  light  particles  become  suspended,  and 
by  inclining  the  sieve,  they  pass  out  of  it,  and  subside 
at  the  bottom  of  the  hieve  ;*  the  sieve  is  regularly 

*  The  ore  which  subsides  in  the  bottom  of  the  diUwng  vessel  is  called 
fiyingy  or  diUmng  mmUs^  and  is  again  huddled  and  Utned^  or  chimmtd  with  the 
middle  heads  of  the  sldm^pimge :  the  produce  thus  obtained  is  termed  rwnd  or 
leap  ore,  and  is  of  the  most  inferior  description. 
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replenished  from  the  ore-heap  by  the  assistant^  and 
the  operation  is  continued :  whether  the  ore  in  the 
sieve  is  now  fit  for  the  smelting  house  is  ascertained 
by  reducing  some  of  the  larger  pieces  to  powder : 
if^  on  immersing  this  in  water,  the  mixture  is  of  a 
whitish  colour,  and  if,  on  vanning,  a  little  or  no 
impurities  remain,  it  is  considered  ready  to  be 
smelted ;  but  if  it  be  not  sufficiently  pure,  the  next 
operation,  supposing  it  does  not  require  to  be  roasted, 
is  tffing :  but  as  the  greatest  part  of  the  tin-ore  of 
Cornwall  needs  roasting,  this  operation  is  the  next 
part  of  the  process. 

5.  Roasting.  This  of  course  cannot  be  included  in 
the  *'  manipulations*'  to  which  tin-ores  are  subjected ; 
but  it  must  not  be  passed  over,  or  an  important  link 
will  be  wanting  in  the  chain.  It  has  been  already 
observed,  that  if  the  tin-ore  is  much  mixed  with 
ores  of  copper,  iron,  or  zinc,  which  cannot  be  got 
rid  of  by  the  common  process  of  dressing,  instead 
of  being  put  at  once  into  the  smelting  furnace,  it 
must  be  previously  roasted,  or,  as  the  miners  term 
it,  burnt.  The  furnace,  in  which  this  is  done,  is 
about  nine  feet  long ;  its  width  is  irregular,  being 
about  three  feet  where  it  adjoins  the  fire-place,  five 
feet  in  the  widest  part  of  the  middle,  and  a  foot  and 
half  at  the  mouth ;  the  height  is  about  sixteen 
inches  in  the  middle,  and  ten  at  the  sides;  the 
fire-place  is  about  twelve  inches  in  breadth,  and  is 
separated  from  the  body  of  the  furnace  by  a  wall 
just  high  enough  to  keep  the  fuel  separate  from  the 
ore.    On  looking  in  at  the  mouth,  the  flame  of  the 
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fire  is  seen  proceeding  from  the  fire-place  through 
all  the  length  of  the  furnace,  and  going  up  the 
chimney,  which  is  situated  close  to  the  mouth.  The 
furnace  heing  raised  to  a  dull  red  heat,  about  seven 
hundred  weight  of  the  ore  is  put  into  it,  through  a 
hole  in  the  top :  if  it  were  roughly  stirred  at  once, 
the  rapid  evaporation  of  the  moisture,  contained  in 
it,  would  probably  dissipate  a  portion  of  the  ore :  it 
is,  therefore,  allowed  to  remain  unmoved  for  about 
an  hour,  in  order  to  the  gentle  evaporation  of  the 
water :  it  is  then  spread  over  the  furnace  for  about 
four  feet  in  length,  nearest  the  fire ;  and,  by  means 
of  an  iron  rake,  is  turned  every  half-hour  or  oftener, 
that  the  whole  may  be  equally  exposed  to  the  action 
of  the  fire.  This  continues*  until  it  ceases  to  give 
out  whitish  fumes;  or,  when  turned,  to  exhibit 
bright  sparkles:  it  is  then  withdrawn  through  a 
hole  now  uncovered  in  the  bottom  of  the  furnace, 
and  allowed  to  cool :  it  is  then  subjected  to 

6.    Sifting.    This  is  so  common  an  operation,  as 
scarcely  to  need  a  description : — after  being  sifted,f 

*  Sometimes,  when  the  ore  is  only  partially  rooMtedy  it  is  taken  ont  of  the 
famace,  and  ${ftedf  and  huddled,  and  then  ioued,  ehimtnedy  or  diUued :  then 
roatUd  a  second  time :  In  this  way  some  ores  are  more  easily  cleansed  from 
their  imparities  than  if  they  had  been  wholly  roasted  at  once.  The  ore  in  this 
half-roasted  state  is  called  rag^bmnU:  when  it  has  been  brnddUd,  the  ted«  are 
considered  equal  to  the  middle-heads  of  the  ore  which  has  not  been  roasted,  and 
treated  accordingly:  being  ioetedy  chmimedf  or  diUued;  the  tkiwipmge of  the 
tossed  ore  being  again  bmddkdy  the  taUi  are  thrown  by  as  bmnU  leovii^,  and  as 
they  frequently  contain  copper, '  they  are  sold  as  copper-ore,  if  the  copper  in 
them  amounts  to  two  and  half  per  cent. 

t  When  the  tin-ores  are  mixed  with  those  of  copper,  (generally  solphurets) 
the  water  in  which  they  are  sifted,  after  being  roasted,  holds  the  sulphate  of 
copper  in  solution  :  sometimes  the  water  is  evaporated,  and  the  salt  allowed  to 
crystallize,  or  else  the  copper  is  precipitated  by  the  immersion  of  iron  in  the 
solution.    According  to  Mr.  Came,  (Vol.  8,  page  SS6,)  it  has  been  found  in 
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the  ore  is  generally  tossed,  huddled,  and  again  tossed, 
and  is  then  ready  for  the  smelter :  but  some  kinds  of 
ore  require  other  operations  after  being  roasted^  as 

7.  Tying,  which  may  be  done  either  in  the  huddle, 
or  in  a  tye,  purposely  constructed  for  the  operation. 
The  tye  is  a  long,  narrow,  inclined  furrow,  through 
which  passes  a  stream  of  water,  three  or  four  times 
larger  than  that  used  for  huddling  the  ore :  the  ore 
being  placed  at  the  head,  and  agitated  with  a  broom,* 
the  rough  and  lighter  particles  are  carried  to  the 
lower  part  of  the  tye.  The  ore  at  the  head,  unless 
it  requires  to  be  again  dillued,  is  fit  for  the  smelting 
house.  The  remainder,  if .  very  poor,  is  thrown 
amongst  the  leavings ;  but  is  otherwise  exposed  to 
another  operation,  called 

8*  Jigging*  '^his  IS  performed  by  plunging  a 
copper-bottomed  sieve,  into  which  two  or  three 
shovels  full  of  ore  have  been  put,  into  a  vessel  of 
water :  the  operator,  holding  the  sieve  in  his  hands, 
gives  it  at  the  same  time  a  vertical  and  rotatory 
motion,  taking  care  that  it  be  never  lifted  above  the 
surface  of  the  water :  by  this  means,  the  different 
parts  are  arranged  in  the  sieve  in  the  order  of 
gravity :  the  lighter  portions  being  brought  to  the 
top,  are  removed,  and  considered  as  leavings,  and  a 
fresh  supply  of  ore  is  thrown  in  and  jigged,  until 
the  weight  of  the  richer  part  at  the  bottom  of  the 

Botallack,  that  one  hundred  pounds  of  iron  indaced  the  precipitation  of  one 
hundred  and  eighty  pounds  of  copper.  The  cupreous  salts  are  usually  mixed 
with  those  of  iron,  and  other  metals,  the  separation  of  which  is  expensire,  as 
well  as  difficult. 

*    When  the  tails  of  the  buddies  wte  if  ed^  the  water  is  agitated  with  a  shovel 
instead  of  a  broom. 

V  2 
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sieve  becomes  too  great  for  the  operator :  it  is  then 
taken  out  and  considered  fit  for  smelting. 

These,  I  believe,  are  all  the  operations  to  which 
the  crap  is  subjected;  but  the  order  of  their 
application  is  subject  to  variation,  arising  from  the 
difference  in  the  quality  of  the  ore. 

The  Leavings.* 

These  comprise  the  whole  of  the  slime,  the  tails 
of  the  buddies,  the  shimpings  of  the  skimpings^ 
and  the  shimpings  of  the  jigging.  The  slimes  and 
tails  are  subjected  to 

1.  IVunking.  Previous  to  this  a  large  surface 
of  the  slime^ore  is  generally  exposed  to  the  air,  in 
order  that  the  moisture  may  evaporate :  it  is  still 
better  if  it  be  thoroughly  dried,  as  the  alternations 
of  dryness  and  moisture  facilitate  the  separation  of 
the  soft  and  earthy  substances. 

The  trunk  consists  of  three  divisions,  viz.  the 
strike,  the  cdver,  and  the  hutch :  the  strike  is  a  fur- 
row about  five  feet  long,  and  two  and  half  feet  deep  : 
at  the  higher  end  it  is  two  and  half  feet  wide ;  but 
it  becomes  gradually  narrower,  so  that  at  the  lower 
extremity  it  is  only  six  inches :  it  is  walled  on  each 
side.  The  cdver,  which  is  situated  at  the  lower  end 
of  the  strike  is  a  box  of  about  three  cubic  feet  in 
capacity.  The  hutch,  which  is  separated  from  the 
cdver  only  by  a  single  plank,  is  a  wooden  case  about 

•  SometiineB  the  proprietor  of  the  ore  bargains  with  the  dresaer  that  the 
liooinga  shall  be  taken  by  the  latter,  at  a  certain  proportion  of  the  value  of  the 
crop :  in  this  case  he  is  restricted,  in  dreuing  the  crop,  to  the  use  of  the  fruddlc, 
kUvCf  and  sieve. 
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eight  feet  long,  two  and  half  to  three  feet  wide,  and 
about  a  foot  in  depth :  its  bottom,  as  well  as  that  of 
the  strike^  is  a  little  inclined.  The  slime  being  put 
into  the  strike,  a  stream  of  water,  as  large  as  a  cir- 
cular aperture  of  three-eights  of  an  inch  in  diameter 
will  admit,  runs  over  it,  and  being  occasionally 
agitated,  a  portion  of  the  slime  is  suspended  by  the 
water,  and  is  thereby  carried  into  the  cdver :  great 
care  must  be  taken  that  too  much  slime  be  not  held 
in  suspension  at  once :  the  best  proportion  is  about 
one-sixth,  or  one-eighth  of  the  weight  of  the  water. 
The  operator*  (usually  a  child)  with  a  shovel  agitates 
the  water  in  the  cdver,  and  occasions  its  rippling 
over  the  dividing  plank  into  the  hutch :  the  quantity 
passing  over  at  once  is  very  minute ;  but  the  ripples 
rapidly  succeed  each  other :  by  this  means  the  best 
parts  of  the  slime  remain  at  or  near  the  head  of  the 
hutch,  while  the  poorer  parts  are  carried  off  by  the 
water .f  This  operation  is  continued  until  the  hutch 
is  full :%  ^^^  contents  are  then  removed  to  go  through 
another  operation,  called 

2.  Framing  or  Racking.  The  frame  is  a  flat 
piece  of  wood,  about  eight  feet  long,  and  five  feet 
wide,  with  a  rim,  five  inches  high,  around  it :  this  is 
suspended  in  an  inclined  position  on  pivots,  but  is 

*    TVimJtRN^  is  now  in  many  places  accomplished  by  machinery. 

t  These  are  termed  Im&s,  and  are  sometimes  worth  a  second  operation ;  but 
this  is  not  often  the  case,  if  the  first  has  been  carefully  conducted :  this  may  be 
judged  of  by  the  motion  of  the  liquid  in  the  cb^cer^  which  should  haye  an  equal 
▼elooity  at  the  middle  and  sides. 

X  There  is  probably  more  ore  lost  in  tnaJoMg  than  in  any  other  operation. 
It  has  been  said  that  many  persons  formerly  gained  a  subsistence  by  gathering 
the  ore  which,  baring  been  carried  down  from  the  Owennap  mines,  had  sub- 
sided in  the  Camon  rale,  between  high  and  low  water  mark. 
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fastened  by  a  kind  of  latch :  at  the  upper  end  is  a 
jagging  board  (similar  to  that  of  the  huddle)  which 
is  connected  with  a  frame  by  a  moveable  sloping 
piece  of  wood  to  prevent  the  ore  from  falling 
between  the  board  and  the  frame :  underneath  the 
frame  are  two  boxes,  which,  being  placed  end  to  end^ 
extend  its  whole  length :  at  the  lower  end  of  the 
floor  a  vacancy  of  two  or  three  inches,  leaves  an 
aperture  for  the  escape  of  the  water.  The  mode  of 
conducting  this  operation  is  as  follows.  The  opera- 
tor (usually  a  woman,  or  stout  boy  or  girl)  spreads 
on  the  jagging  board  from  two  to  three  quarts  of 
the  irunked  slime,  on  which  runs  a  stream  of  water, 
equal  to  five-eighths  of  an  inch  in  diameter ;  and, 
with  a  small  toothless  rake,  makes  in  it  small  furrows 
in  the  direction  in  which  the  water  runs :  in  this  way 
the  ore  is  carried  from  the  board  to  the  frame :  the 
richest  part  rests  at  and  near  the  head,  and  the 
poorer  parts  further  down :  the  impurities  are  car- 
ried off  by  the  water  and  escape  at  the  bottom.  The 
operator  runs  the  rake  across  the  frame  to  agitate  the 
ore,  as  often  as  appears  requisite.*  When  the  richer 
part  of  the  ore  has  sufficiently  accumulated,  the 
jagging  board  being  swept  clean,  the  latch  is  lifted, 
and  ihe  frame  turned  on  the  pivots  from  a  horizontal 
to  a  vertical  position,  and  the  ore  is  swept  or  washed 
into  the  boxes  beneath :  the  best  into  the  upper,  and 
the  inferior  into  the  lower  box.  It  is  of  the  greatest 
importance  that  the  water  should  pass  of  equal  depth 
and  velocity  over  every  part  of  the  frame,  or  the 

*    This  shoald  be  as  seldom  as  possible : — the  reason  is  obvious. 
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different  parts  of  the  mass  will  be  mixed  with  each 
other,  and  some  of  the  ore  carried  off  with  the  waste. 
If  the  ore  deposited  in  the  upper  box  be  contami* 
nated  with  the  ores  of  copper,  iron,  or  zinc,  it  is 
roasted,  and  afterwards  treated  the  same  as  that 
which  has  not  been  burnt :  viz.  it  is  s^ed  and  tossed: 
the  lower  part  of  the  contents  of  the  tossing  kieve 
18  huddled  and  again  tossed,  and  is  then  fit  for  the 
smelting  house :  the  upper  part  is  ^Lgainjramed  with 
a  smaller  stream  of  water.  The  ore  deposited  in  the 
lower  box,  beneath  the  frame,  may  be  again  framed 
with  a  fresh  proportion  of  trunked  ore ;  but  it  is  not 
unusual  to  toss  it,  and  huddle  the  richer  contents  of 
the  tossing  kieve :  the  ore  at  the  head  of  the  huddle, 
if  not  needing  a  repetition  of  the  process,  is  tossed; 
and  is  then  fit  for  the  smelting  house :  the  remainder 
18  again  trunked,  &c. 

Although  these  are  in  general  all  the  manipulations 
to  which  tin-ore  is  subjected  from  the  mine  to  the 
smelting  house,  it  is  often  necessary  to  expose  it  to 
a  far  greater  repetition  of  them  than  it  is  possible 
to  describe,  as  well  as  to  vary  the  order  of  their 
application.  It  is  remarkable,  however,  that  very 
little  improvement  has  been  made  in  the  mode  of 
dressing  tin-ores  for  nearly  a  century. 

Copper-Ores 

When  brought  to  the  surface  of  the  mine,  are 
divided  Into  three  parts;*  the  first,  consisting  of 

*  If,  when  brought  to  the  surface,  the  ores  are  mixed  with  clay,  they  are 
first  washed  in  a  ttrike.  This  is  done  by  stirring  them  with  a  shovel,  in  a 
stream  passing  over  an  inclined  plane. 
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pieces  above  the  size  of  a  fist,  denominated  gpalUmg 
^tiiffl^  the  second,  of  such  smaller  pieces  as  will  not 
pass  through  a  sieve,  of  which  the  holes  are  three 
quarters  of  an  inch  square,  (called  a  three  quarter 
inch  griddle)  which  is  termed  picking  rough ;  and 
the  third,  of  all  that  passes  through  the  sieve,  deno- 
minated shaft  small. 

The  larger  pieces  being  broken  to  about  one  inch 
and  half  square,  are  mixed  with  the  picking  rough,f 
and  the  whole  divided  into 

1st.     Prills,  or  lumps  of  pure  ore. 

2nd.    Dradge,  or  ore  mixed  with  other  substances. 

3rd.  HahanSy  hentiawaySy  or  leavings^  which  con- 
tain but  a  small  quantity  of  ore. 

*The  prills  are  bucked:  an  operation  which  con- 
sists  in  breaking  them  into  pieces  of  about  half 
an  inch  square,^  and  is  performed  principally  by 
females,  with  large  flat-polled,  two-handed  hammers  ; 
this  portion  of  the  ore  is  then  ready  for  the  market. 

The  dradge,  when  containing  but  little  iron 
pyrites,  is  bucked  to  a  still  smaller  size  than  the 
prills;  and  then  Jigged^  in  a  sieve  of  about  five 
holes  in  the  square  inch.  By  this  means  it  is  sepa- 
rated into  four  parts. 

1st.  That  which  passes  through  the  sieve,  and  is 
usually  fit  for  sale.||   This  is  denominated  hutch-work. 

*  The  BpdUng  ituffiB  more  readily  separable  from  the  ^utft  nuU  by  hand, 
"•than  with  the  griddle. 

t    The  apdlUng  iiufff  and  picking  nmghf  are  now  mixed. 

X    In  moat  of  the  large  mines  this  is  now  done  by  machinery. 

%  Copper-ore  has  of  late  been  frequently  jigged  by  machinery ;  bat  I  am 
not  aware  of  tin-ore  having  been  yet  so  treated. 

I  W  hen  the  first  jigging  is  insufficient,  the  operation  is  repeated  in  a  smaller 
holed  sieve. 
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Slid.  The  portion  occupying  the  bottom  of  the 
sieve,  which  is  in  a  marketable  state,  and  is  called 

3rd.  The  middle  part  of  the  contents  of  the 
sieve ;  which  is  again  bucked  and  jigged. 

4th.  That  at  the  top  of  the  sieve ;  which  is  put 
among  the  kahane. 

But  if  the  dradge  contain  much  iron-pyrites, /fjf^- 
ing  will  not  separate  them ;  they  must,  therefore,  be 
cobbed,  and  picked.  This  is  usually  done  by  females 
and  children ;  the  pieces  being  broken  to  about  five- 
eighths  of  an  inch  square,  and  the  impurities  picked 
out  by  hand. 

The  ehqfi  small  is  jigged  in  a  sieve  of  lour  or  five 
holes  in  a  square-inch.  That  which  passes  through 
(hutchrwork)  is  usually  ready  for  sale ;  but  when  not 
so,  it  is  tyed;  the  head  of  the  tfe  being  suflSiciently 
pure ;  the  tails  are  either  considered  halvans,  or  are 
jigged  in  a  small  holed  copper4x>ttoaied  sieve.* 

That  portion  o{  the  shaft  small  which  rests  in  the 
bottom  of  the  sieve,  and  what  passes  through  it,  are 
BOW  saleable.  The  middle  layer  of  the  contents  of 
the  sieve,  called  toppings,  is  again  bucked  and  jigged. 
The  upper  portion  being  hahans. 

Some  of  the  ores  of  copper  are  so  soft,  that  ex- 
posure to  water  would  occasion  loss :  in  which  case 
they  are  fit  for  the  market,  after  being  s^d,  cobbed, 
and  picked. 

^  l%eti0veiiBedintfa€fiiBti^gtiV-i0  0oaiieliiiMBempl^^  a  layer,  about 
one  inch  in  depth,  of  pieces  of  iron-pyrites,  about  five  dghths  of  an  inch 
square,  being  placed  in  the  bottom  thereof. 

VOL.  IV.  X 
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The  hahans,  hennaways,  or  leaping^,  are  the  refuse 
from  the  preparation  of  the  crop;  and  when  not 
much  mixed  with  iron-pyrites^  those  portions  which 
contain  the  greatest  quantity  of  ore,  are  bucked  and 
jigged.  But  when  mixed  with  foreign  substances 
of  great  specific  gravity,  they  are  cobbed  and  picked. 
The  portions  which  contain  but  little  ore,  are  stanch- 
ed ;^  and  the  stamped  \9ork  is  trunked.  The  larger 
particles  of  the  trunked  ore  are  tyed. 

The  finer  portion,  with  the  slime  from  the  first 
washing,f  and  the  tail  of  the  stamps  pit,  are  trunked 
and  buddled*  The  small  portions  remaining  in  the 
tails  of  the  tyes  may  be  obtained  by  jigging,  in  a 
fine  copper-bottomed  sieve.  The  operations  being 
repeated,  until  the  whole  be  deemed  ready  for  the 
market. 

Tin^ore  sometimes  occurs  in  the  heads  of  the  tyes 
and  buddies ;  when  the  quantity  thereof  is  sufficient 
to  render  it  worth  extraction,  the  whole  is  roasted 
and  dressed  as  tin-ore.  The  copper-ore  being  in 
some  quantity  converted  into  soluble  salt  by  the 
roasting;  and  the  remainder,  now  denominated  burnt 
leavings,  is  treated  as  before  described. 

I  am  disposed  to  claim  for  this  communication, 
some  practical  utility ;  which,  however,  belongs  to 
the  late  Capt.  Thomas  Garland,  of  Illogan,  Mr. 
John  Rowse,  of  Perran-arworthal,  and  Jeremiah 
Mellet,  (a  working  miner  of  very  great  experience) 


*    Water  should  be  copiously  rappUed ;  bat  if  pennittod  to  esoeed  a  certain 
depth,  it  impedes  the  operation, 
t    Sec  note  (•)  page  159. 
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residing  at  the  latter  place.  My  own  portion  of  it 
being  merely  to  collect  the  results  of  their  expe- 
rience; whilst  I  am  indebted  to  the  kindness  of 
Mr.  Carne,  for  arranging  them  in  their  present  form. 


SUPPLEMENTARY  REMARKS. 

(  February,  18S2. ) 


Since  the  preceding  pages  were  communicated  to 
the  society,  some  improvement  in  various  parts  of 
the  operations  have  been  introduced. 

1.  Tomng  has  been  performed  by  a  machine,  first 
introduced  at  Ball-dhu,  by  Mr.  Bell,  of  Northum* 
berland.*  The  apparatus  consists  simply  of  an  arm 
or  wing,  extending  from  a  vertical  axle,  which  is  tem- 
porally placed  in  the  centre  of  the  kieve ;  to  which 
a  rotatory  motion  is  imparted  by  the  hand.  I  am 
disposed  to  think  this  machine,  which  is  not  at  pre- 
sent much  used,  might  be  advantageously  employed. 

2.  Trunking  by  machinery  is  now  very  common ; 
so  far  as  I  have  been  able  to  learn,  it  was  first  intro- 
duced in  the  neighbourhood  of  St.  Ives,  about  seven 
years  since.  This  machine  consists  of  a  horizontal 
axle,  into  which  are  fixed  small  spatulas ;  sometimes 
made  of  iron.  These  spatulas  are  introduced  into 
the  cdver,  and  motion  to  and  fro  communicated  to 

*    Forster,  Section  of  the  Strata  from  Newcastle  to  Cross  Feil^  page  S62. 

x2 


164  Mr.  W.  J.  Hbnwopd,  on  the 

the  axle  in  whkh  they  are  fixed,  either  by  hand,  or 
hy  connecting  it  to  some  machinery. 

I  believe  in  this,  and  the  farther  treatment  of 
slimes,  we  are  much  behind  the  Gergaan  dressers. 
Their  frame  is  often  thirty  feet  in  length ;  and  is  so 
combined  as  to  receive  a  gentle  horizontal  motion 
which  is  given  by  machinery,  and  is  thought  to  be 
very  useful  in  separating  the  ores  from  the  waste. 
It  appears  to  me  very  probable,  that  the  introduc- 
tion of  something  of  this  description, — which  would 
doubtless,  require  some  modifications,  to  meet  the 
various  descriptions  of  our  ores, — would  be  very 
advantageous ;  and  might  possibly  merge  the  opera- 
tions of  trunking  and  framing  into  one. 

3.  Bucking,  is  now  in  most  of  our  large  mines, 
superseded  by  the  the  introduction  of  crushing 
machines.  These  consist  of  a  pair*  of  iron  rollers, 
moved  by  machinery;  between  which  the  ore  is 
introduced,  the  distance  between  them  being  regu- 
lated by  the  size  to  which  the  ore  is  to  be  broken. 
A  sieve  is  attached  to  the  machine,  by  which  the  ore 
is  sifted  immediately  as  it  proceeds  from  between 
the  rollers.  Crushing  machines  were  introduced  by 
Mr.  John  Taylor,  at  some  mines  under  his  manage- 
ment, near  Tavistock,  about  twenty  years  since.  I 
believe  they  were,  in  Cornwall,  first  used  at  Lanes- 
cot  mine ;  and  they  have  been  subsequently  intro- 
duced at  Binner  Downs,  United  Hills,  Huel  Towan, 
Consols,  and  many  other  mines-f 

*    I  have  seen  three  pain  of  rollers  in  the  Cmahing  Machine  at  Laneacot. 
i    At  HucI  Charles  in  St.  Agnes,  a  stamping  miU  is  used  tat  the  porpoae ; 
bfrt  without  the  presence  of  water. 
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4*  Jiggi^  ^y  machinery,  has  long  been  common 
in  the  north  of  England  ;*  and  was  first  accom- 
plished in  Cornwall  by  Mr.  Bell.  His  apparatus 
(the  brake^eve)  consisted  of  a  rectangular  sieve, 
about  four  or  four  feet  and  half  long,  by  one  and 
half  or  two  feet  wide ;  it  was  attached  to  one  end 
of  a  lever,  and  motion  communicated  by  a  child 
placed  at  the  other.  Within  a  very  short  time, 
Mr.  Richard  Taylor  has  had  several  of  these  con- 
structed at  the  Consolidated  and  Pembroke  mines ; 
these  are  set  in  motion  by  water-power. 

Mr.  Petherick  has  recently  obtained  a  patent  for 
a  most  ingenious  machine  for  the  same  purpose. 
In  this  the  sieves  are  at  rest,  whilst  their  contents 
are  agitated  by  the  variable  height  of  the  water  in 
which  they  are  immersed.* 
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XII. — Cantrilmtions   towards  a  knowledge  of  the 

Geology  of  Cornwall. 

By  henry  S.  BOASE,  M.  D. 

(  Read  October,  1830  and  18SI. ) 


Omb  of  the  primary  objects,  contemplated  by  the 
founders  of  this  Society,  was  to  ascertain  the  nature 
and  boundaries  of  the  Cornish  rocks ;  in  order,  that 
their  geographical  relations  might  be  accurately 
delineated  on  a  Map. 

Several  Olustrations  of  this  kind  are,  indeed, 
already  before  the  public ;  but  they  are  deficient  in 
those  minute  details  which  a  Map,  proceeding  from 
this  Society,  might  be  expected  to  supply.  Towards 
the  accomplishment,  however,  of  this  important 
work,  so  often  promised,  comparatively  little  has 
been  hitherto  effected;  and,  even  since  that  little 
was  done,  several  years  have  passed  away. 

Whilst  I  had  the  honor  of  being  one  of  the  officers 
of  the  Society,  I  strove  to  redeem  this  pledge :  but 
circumstances  of  a  private  nature  prevented  me 
then  from  taking  such  an  active  part  in  this  work, 
as  I  desired.    The  time,  however,  at  last  came,  when 
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I  had  it  in  my  power  to  follow  my  inclinations ;  and 
I  have  accordingly  devoted  the  two  past  years  almost 
entirely  to  this  object :  during  which  period  I  may, 
without  presumption,  say  that  I  have  patiently  and 
zealously  laboured  in  the  cause ;  having  performed 
more  than  twelve  hundred  miles  on  foot,  visiting 
every  part  of  the  county,  and  sparing  neither  per- 
sonal toil  or  expense,  in  endeavouring  to  gain  a 
more  perfect  knowledge  of  the  geology  of  Corn- 
wall, than  could  be  obtained  by  strangers,  however 
well  qualified  for  the  task,  in  their  hasty  and  partial 
excursions. 

In  mentioning  these  circumstances,  I  do  so  merely 
with  the  view  of  shewing,  that  the  following  details 
have  claims  on  your  attention,  as  the  results  of  actual 
observations,  on  a  country  which  affords,  both  in 
natural  and  artificial  sections,  more  ample  opportu- 
nities for  studying  the  nature  of  primary  rocks,  than 
any  other  portion  of  the  globe. 

The  plan  that  I  propose  to  adopt  in  treating  of 
this  subject  is,  in  the  first  place,  to  record  the  various 
phenomena  as  they  present  themselves  in  detail, 
whilst  traversing  the  country ;  avoiding,  as  much  as 
possible,  any  theoretical  observations  thereon : — ^and, 
in  the  next  place,  to  arrange  the  rocks  in  geological 
order;  and  to  discuss  the  various  theoretical  subjects 
suggested  by  the  facts  previously  recorded. 

It  has  occurred  to  me,  that  the  first  part  may  be 
considered,  by  some,  a  series  of  long  and  tedious 
repetitions:  but  having  weighed  this  objection,  I 
cannot,  for  the  sake  of  rendering  this  communication 
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more  palatable  to  the  general  reader,  oohseBt  to 
curtail  or  omit  tliat  which  is  the  groumd-work  of 
the  whole;  and  which,  although  its  materials  are 
rude,  and  its  construction  rough  and  unsi^tly,  may 
neTertheless  furnish  a  good  foundatioii  for  a  more 
finished  superstructure. 

These  details  might,  indeed,  hare  been  less  voln- 
minoos,  if  I  oould  have  been  contented  to  call  the 
schistose  rocks  by  the  names  of  greywaek^,  clay* 
sfadie,  and  oth»s  equally  inapplicable :  but  in  this 
caae  I  should  have  &iled  in  the  principal  object  of 
my  labours, — viz.  the  attainment  of  a  more  perfect 
knowledge  of  the  Combh  rocks.  Finding,  therefore, 
that  the  present  nomendature  would  not  enable 
me  to  convey  a  correct  idea  of  all  these  rocks,  I 
determined  on  giving,  whenever  needful,  a  short 
description  of  each  rock,  in  preference  to  the  use 
of  terms  so  indefinite ;  and,  in  order  to  guard  still 
farther  against  mistakes,  I  have  annexed  numbers 
thereto,  referring  to  the  specimens  of  the  rocks 
themselves,  which  are  deposited  in  the  Musenn. 

On  taking  a  general  view  of  Cornwall,  it  will  be 
found  to  contain  several  insulated  groups  of  granite ; 
four  of  which  are  of  considerable  size,  and  nearly 
oquidistant  from  each  other.  These  groups  wfth 
their  respective,  subordinate,  and  surrounding  rocks, 
may  be  regarded  as  so  many  districts ;  into  which, 
for  the  sake  of  facilitating  description,  the  County 
may  be  divided :  and  they  may  be  called — the  western 
or  Land's  End  District, — the  Carnbrea  Districts — 
the  Centrsi   District, — and   the  Eastern  District. 
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Not  that  these  divisions  are  to  be  found  in  Nature : 
for  although  the  granite .  groups  are  distinct,  no 
boundaries  can  be  detected  between  the  schistose 
rocks  of  adjoining  districts :  nor  is  there  any  reason 
to  believe  that  such  exist.  Adopting,  therefore, 
these  divisions  only  on  account  of  their  convenience, 
it  is  proposed  to  arrange  the  first  part  of  this  com- 
munication under  these  four  heads. 


CHAP.  I. 

ON  THE  GBOLOGY  OF  THE  EASTERN  DISTRICT 

OP   CORNWALL. 


The  portion  of  Cornwall  about  to  be  described 
under  the  title  of  the  Eastern  District,  includes 
the  Hundreds  of  Stratton,  Lesnewth,  Trigg,  East, 
and  West,  and  also  the  parishes  of  North  Petherwin 
and  Werrington,  which  indeed  belong  to  Devon,  but 
are  situated  on  the  Cornish  side  of  the  Tamar ;  and 
in  a  geological  point  of  view,  may  be  regarded  as 
belonging  to  Cornwall: — or,  the  Eastern  District 
may  be  defined  as  that  part  of  Cornwall,  which  is 
bounded  by  the  Tamar  on  the  east; — by  a  line 
drawn  between  Lostwithiel  and  Wadebridge,  con- 
necting Fowey  and  Padstow  Harbours,  on  the  west ; 
— and  by  the  sea,  on  the  north,  and  on  the  south. 

VOL.  IV.  Y 
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On  referring  to  the  annexed  coldured  map,  it  iwill 
be  observed,  that  besides  the  large  central  patch  of 
granite,  there  is  another  smaller  one  near  Callington, 
on  the  eastern  boundary  of  this  district ;  and,  as  it 
is  of  no  great  extent,  it  may  be  considered  as  subor- 
dinate to  the  main  mass,  the  same  as  that  of  St. 
MichaePs  Mount  in  the  western  part  of  the  county. 
And  it  may  be  here  understood  that  in  the  following 
details,  whenever  the  granite  of  a  district  is  referred 
to,  the  central  mass  is  meant,  unless  otherwise 
specified. 

The  granite  of  the  eastern  district  is  ten  miles  in 
length,  and  six  or  seven  miles  in  breadth  at  the 
widest  part.  It  forms  the  most  elevated  land  in  the 
county ;  but  it  is  inferior  to  the  Dartmouth  range, 
its  highest  hill,  Brown-Willy,  not  exceeding  1,368 
feet  in  height,  according  to  Mudge's  survey. 

Throughout  its  whole  extent  it  is  one  expanded 
scene  of  sterility  and  desolation:  trees  there  are 
none ;  and  it  is  only  in  &voured  spots,  that  vegeta- 
tion has  attained  even  to  the  size  of  a  furze-bush. 
The  elevated  situation  of  this  granitic  land,  exposed 
to  every  blast  from  the  ocean,  is,  without  doubt, 
unpropitious  to  the  growth  of  trees  and  shrubs : 
but  this  is  not  the  only  cause,  a  more  powerful  one 
is  to  be  found  in  the  mineralogical  composition  of 
the  granite,  and  in  the  nature  of  the  mass  that 
results  from  the  decomposition  of  this  rock.  The 
grains  of  quartz  render  the  granitic  soil  gravelly  and 
easily  permeable  to  water ;  so  that,  in  all  inclined 
situations,  the  rain  washes  away  the  fine  particles  of 
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light  clay  that  have  been  produced  by  the  decay  of 
the  felspar :  thus  rendering  the  soil  less  adapted  for 
vegetation,  and  not  sufficiently  tenacious  to  give  a 
firm  support  to  trees. 

The  general  appearance,  however,  of  this  desert 
is  not  altogether  uninteresting.  All  the  hills  are 
crowned,  and  covered  on  their  precipitous  sides, 
with  immense  hoary  blocks  of  granite,  which  are 
generally  heaped  upon  each  other  in  the  most  fan- 
tastic forms.  That  of  the  Cheese  Wring  is  one  of 
the  most  curious  of  these  Tors :  but  this,  as  well 
as  the  rock-basins,  and  the  various  semblances  of 
castellated  ruins,  so  common  on  the  granitic  hills 
of  Cornwall,  have  been  so  often  described,  and  so 
frequently  visited,  that,  to  enumerate  them  again  in 
this  place,  would  be  a  needless  repetition. 

Another  general  feature  of  this  granitic  district 
deserves  more  particular  mention.  The  bottom  of 
all  the  valleys  are  covered  with  bogs,  which  are 
sometimes  so  extensive  and  deep,  and  have  such 
long  and  winding  branches,  that  it  is  difficult,  even 
in  fine  weather,  for  a  stranger  to  extricate  himself, 
when  once  entangled  in  their  mazes.  In  many 
places,  the  bog  is  more  than  a  dozen  feet  in  depth : 
the  bottom  layers  of  which  being  consolidated  by 
the  superincumbent  weight,  affi^rd  a  good  peat,  not 
inferior  to  that  of  Ireland.  The  plants  that  form 
these  bogs,  and  their  peculiar  mode  of  vegetation, 
are  generally  known :  but  I  noticed  one  circumstance 
here,  which  may  not  have  escaped  the  observations 
of  others,  but  which  I  do  not  remember  to  have 
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seen  recorded ; — viz.  that  the  rain-water  which  col- 
lects in  these  marshes  is  more  or  less  turbid  from 
the  presence  of  fine  aluminous  particles  derived 
from  the  disintegrated  surface  of  the  granite  rocks. 
Now  it  follows,  that  this  earth  slowly  deposited 
amongst  the  roots  of  the  aquatic  plants,  will  serve 
to  elevate  the  bottom  of  the  marsh,  and  hasten  the 
accumulation  of  peat  by  increasing  the  pressure : 
and  will  also  explain  the  uniform  intermixture  of 
earthy  particles  throughout  both  peat  and  coal. 

The  granite  of  this  range  is  well  characterized  by 
that  of  Brown*- Willey,  (No.  1.)  which  is  composed 
of  white  crystalline  felspar,  grey  quartz,  and  two 
kinds  of  mica ;  one  of  which  is  white  and  transpa- 
rent, with  a  silvery  lustre ;  the  other  of  a  dark  gar- 
net colour,  and  nearly  opaque :  a  black  mineral,  like 
shorl,  is  also  occasionally  disseminated  throughout 
the  mass  in  minute  prisms,  or  crystalline  grains. 
The  granite  of  Brey  Hill  (2.)  is  of  a  similar  kind. 

This  granite  is  not  very  prone  to  decay,  owing  to 
its  constituents  being  in  large  crystalline  concretions : 
the  outer  part  of  the  blocks  only  are  effected  by  the 
elements,  as  may  be  seen  in  No.  2,  from  the  summit 
of  Rough-Tor.  Here  in  this  granite,  occur  layers 
of  a  fine-grained  rock  (4.)  which  is  composed  of  the 
same  minerals,  differing  only  in  the  mode  of  aggre- 
gation. This  occurrence  will  be  hereafter  noticed 
in  other  parts  of  the  district:  and  this,  together 
with  the  coarse-grained  which  sometimes  also  con- 
tain porphyritic  crystals  of  felspar,  form  almost  the 
only  varieties  that  came  under  my  observation.    It 
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is  probable,  however,  that  this  may  be  owing  to  the 
few  opportunities  that  occur  in  this  part  of  the 
county  of  obtaining  an  insight  into  the  interior : 
for  the  granite  of  the  western  district,  in  our  vicinity, 
affords  great  varieties,  although  the  main  mass  of 
this  rock  is  exactly  similar  to  the  one  under  con- 
sideration ;  but  then  its  numerous  sections  made  bv 
the  sea,  and  by  mining,  are. fully  proportionate  to 
this  superiority. 

In  the  following  details  it  is  proposed  to  commence 
at  the  granite,  and  thence,  as  from  a  common  centre, 
to  traverse  each  district  by  various  tracts ;  so  that 
the  rocks,  wherever  they  present  themselves,  may  be 
examined  in  their  natural  order  of  succession. 

From  Rough-Tor  to  Crackinoton  Covr. 

Proceeding  due  north  from  Rough-Tor,  and 
crossing  Crowder  Marsh,  an  extensive  barren  tract 
succeeds,  known  by  the  name  of  Davidstow  Moor. 
Numerous  quartz  pebbles  of  a  milk  white  colour 
(5.)  are  scattered  over  its  surface:  and  detached 
masses  of  rock  only  occur,  which  (6.)  is  a  fine-grained 
granitic  rock  composed  of  a  basis  of  compact  felspar, 
including  grains  of  quartz  and  mica  with  imbedded 
crystals  of  white  felspar.  It,  therefore,  resembles 
the  granitic  elvans  ;  and  such  a  course  may  probably 
traverse  this  moor,  which  is,  I  think,  without  the 
boundary  of  the  granite ;  but  no  opportunity  offered 
here  of  observing  the  junction  of  this  rock  with 
the  slate. 
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The  common,  northward  of  Davidsiow  Church- 
town^  is  covered  with  large  blocks  of  stone,  which 
have  the  outward  appearance  of  masses  of  granite : 
but,  on  examination,  they  are  found  to  be  a  com- 
pound (7,  8.)  of  granular  felspar,  and  crystalline 
hornblende ;  the  former  of  these  minerals  predomi- 
nates, so  that  this  rock  might  be  considered  as  a 
variety  of  sienite.  It  possesses,  in  a  high  degree,  the 
characteristic  toughness  of  hornblende  rocks :  and  it 
does  not  appear  to  be  very  prone  to  decomposition, 
as  the  weathering  of  these  blocks  does  not  extend 
many  inches  beneath  the  surface.  On  these  accounts 
it  is  well  adapted  for  building :  at  present  however, 
it  is  seldom  employed  for  this  purpose ;  but  it  may 
be  frequently  seen  in  the  walls  of  the  neighbouring 
churches,  particularly  in  those  parts  of  these  edifices 
that  require  the  material  to  be  strong  and  durable. 

Some  of  these  blocks  of  hornblende-rock  are 
detached,  but  the  greater  part  are  in  situ  ;  being  the 
outgoings  of  the  stratum,  which,  however,  is  not 
sufBciently  exposed  to  shew  its  extent  and  bearings. 

Inclining  a  little  to  the  westward  of  Davidstow, 
on  the  road  to  Hendraburnick,  a  slaty  rock,  (dipping 
N.  E.,  at  an  angle  of  20<'.)  presents  itself  in  a 
road-quarry,  near  the  stone  post  which  marks  the 


*  In  Cornwall  the  chorches  are  generally  called  after  the  parishes  in  which 
they  are  situated ;  and  the  houses  around  them,  be  they  erer  so  few,  are  dis- 
tinguished by  the  name  of  the  CkuTeh-iown :  but  in  the  following  pages,  the 
words  chwrck'taum  will  be  omitted,  and  the  place  will  be  simply  denoted  by 
the  name  of  the  parish.  This,  I  am  aware,  is  not  correct ;  but  as  the  parishes 
(the  boundaries  of  which  are  not  easily  ascertained)  will  be  seldom  alluded 
toy  no  oonfiision  can  arise  after  this  explanation. 
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boundaries  of  the  parishes  of  Minster  and  Davidstow. 

This  slate  (9, 10.)  is  of  a  bluish  grey  colour ;  and 
when  viewed,  in  certain  positions,  it  has  a  speckled 
appearance,  arising  from  minute  grains  of  a  dark 
coloured  mineral  which,  under  the  magnifying  glass, 
look  like  hornblende :  so  that  it  is  probable,  that  this 
slate  is  a  fine-grained  mixture  of  the  same  minerals, 
which  constitute  the  massive  rock  of  Davidstow. 

Advancing  still  northward,  the  next  rock  that 
occurs,  is  of  a  very  interesting  nature.  It  is 
composed  of  a  bright  bottle-green  crystalline  mineral, 
striated  and  somewhat  scaly,  resembling  hornblende, 
(an  intermediate  substance  perhaps  between  horn- 
blende and  chlorite)  and  of  white  calcareous  spar : 
these  minerals  sometimes  form  alternate  layers ;  at 
other  times,  are  arranged  in  distinct  granules ;  but 
more  commonly  are  both  intimately  blended  together, 
forming  a  compact  mass  traversed  by  numerous  veins 
of  calcareous  spar.  This  rock  (11, 12, 13, 14.)  is 
met  with  in  the  valley  just  below  the  farm-house  of 
Grylls,  where  the  rivulet  crosses  the  road ;  and  is 
marked  on  the  ordnance  Map,  as  the  Lime  Kiln. 
A  company  of  adventurers  erected  this  kiln  a  few 
years  ago ;  in  hopes  of  obtaining  lime  for  agricultu- 
ral purposes:  but  as  might  have  been  expected, 
from  the  presence  of  hornblende,  the  whole  charge 
of  the  kiln  was  fused  into  a  mass  of  slag.  This  was 
afterwards  obviated,  for  some  time,  by  carefully 
selecting  the  veins  of  calcareous  spar :  but  a  similar 
accident  again  occurred;  and  the  kiln  remains,  to 
this  day,  fully  charged. 
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This  bed  of  hamblendie  limestone  dips  N.  £.,  at 
an  angle  of  25^ :  and  at  Grylls  a  slate  overlies  it, 
cropping  out  on  the  side  of  the  hill,  and  having  the 
same  dip  and  bearings.  This  slate  (15.)  is  more 
argillaceous,  and  of  a  finer  texture  than  No.  9 ;  but, 
in  other  respects,  they  are  very  similar. 

Adjoining  Lesnewth  church,  the  slate  (16.)  is  of 
a  dark  blue  colour,  and  is  traversed  by  numerous 
veins  of  quartz:  it  is  glossy,  and  in  the  fracture 
exhibits  a  fine  and  uniform  texture.  A  similar  rock 
(17.)  occurs  in  the  valley  south  of  St.  Juliot;  it  is, 
however,  softer  than  the  last,  striated  and,  being  more 
free  from  quartz  veins,  is  perhaps  less  siliceous. 

Between  St.  Juliot  and  Minster,  the  slate  (18.^ 
is  distinctly  granular,  consisting  of  white  and  dark 
coloured  grains,  probably  of  felspar  and  hornblende  : 
and  it  is  (19.)  more  hard  and  compact  adjoining  the 
large  quartz  veins,  by  which  it  is  traversed.  These 
strata  also  dip  N.  E.,  but  at  a  greater  angle  than 
the  preceding ; — viz.  at  an  angle  of  30^. 

On  Tresparrell  or  Tresparrett  Downs,  a  rock  not 
unlike  the  last,  is  frequently  exposed  to  view :  it, 
however,  contains  much  iron-pyrites  which  occasions 
a  rapid  decomposition,  and  renders  it  difficult  to 
obtain  a  perfect  specimen.  On  breaking  down  a 
considerable  quantity  of  this  decayed  rock,  (20.) 
numerous  nodules  (21.)  are  found,  which  are  hard 
and  unchanged.  These  nodules  abound  aa  the  road 
crossing  the  downs;  and  they  have  so  muck  the 
appearance  of  water-worn  pebbles,  that  one  naturally 
concludes,  on  seeing  them,  that  they  were  brought 
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from  the  sea-shore  which  is  not  far  distant :  this  fact 
affords  another  example  of  glohular  concretions 
having  derived  their  form,  not  from  the  action  of 
running  water,  bat  from  the  peculiar  structure  of 
the  rocks.  It  may  be  remarked,  that  the  iron-pyrites 
in  these  nodules,  is  generally  in  a  more  aggregated 
state  than  in  the  other  parts  of  the  rock ;  and  might, 
therefore,  have  been  expected  to  have  experienced 
the  same  decomposition.  This  apparent  anomaly 
may,  perhaps,  be  accounted  for,  on  the  grounds  of 
the  different  condition  of  the  pyrites  in  the  rock 
and  the  nodules : — in  the  one  case,  it  is  disseminated 
in  minute  particles;  whereas  in  the  other,  it  is 
collected  into  distinct  crystalline  concretions  in  the 
centre  of  the  nodules,  the  substance  of  which  being 
freed  from  this  adventitious  mineral  is  not  so  liable 
to  decay : — ^and  thus  the  imbedded  pyrites  is  pre- 
served from  the  action  of  the  elements. 

On  the  western  side  of  Tresparrett  Downs,  near 
the  farm  of  Hallimore,  a  slaty  rock  (22.)  projects 
from  under  the  soil  on  the  road-side ;  it  is  easy  to 
separate  fragments  of  it  a  foot  in  length,  and  two 
or  three  inches  in  thickness;  but  the  rock  has 
uidergone  so  great  a  change,  that  on  attempting  to 
break  off  a  specimen,  it  shivers  into  thin  flakes,  and 
falls  down  like  a  pack  of  cards^Near  the  quartz 
veins  this  rock  (23.)  is  more  compact. 

A  little  forther  on,  at  Tregovel,  the  rock  (24.)  is 
similar  to  the  last 

As  you  descend  into  Crackington  Cove,  the 
rock^cenery  which  suddenly  breaks  on  the  view,  is 
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very  grand.  On  the  right  hand,  the  cliffs  are  per- 
pendicular, exhibiting  a  cross  section  of  the  strata ; 
but  on  the  left,  they  slope  down  to  the  beach  at  an 
angle  of  40^.  producing  inclined  pUmes  of  a  hupdred 
to  a  hundred  and  fifty  feet  in  length. 

The  upper  part  of  the  cove  is  covered  with  fine 
shelly  sand  which  is  common  to  all  the  inlets  of  the 
sea  on  this  coast,  and  which  is  carried  away  in  large 
quantities,  as  a  manure.  Below  this  sand  is  an  ex- 
tensive beach  of  rounded  pebbles ;  and  beyond  this, 
long  parallel  ridges  of  rock  extend  into  the  sea,  in  a 
curved  direction,  having  the  same  bearings  as  the 
cliff  on  the  left  side  of  the  cove.  These  inclined 
ridges  are  formed  of  a  very  hard  massive  rock  (25.) 
which  is  sometimes  (26.)  traversed  in  every  direction 
by  innumerable  quartz  veins,  varying  from  three 
inches  to  a  line  in  thickness. 

Between  these  ridges  the  rock  (27.)  is  slaty,  of  a 
dark  blue  colour,  and  contains  a  large  portion  of 
iron-pyrites ;  in  consequence  of  which,  it  decays  and 
is  removed  by  the  action  of  the  waves ;  wherdby 
the  more  durable  strata  adjoining  become  prominent. 

These  two  kinds  of  rocks  are  the  only  ones  which 
occur  in  the  cove ;  where  they  alternate  with  each 
other  more  than  fifty  times :  and  it  is  possible,  that 
they  form  a  continuation  of  those,  already  noticed, 
on  Tresparrett  Downs ;  for  in  this  cove  nodules  (28.) 
are  also  distinctly  seen  imbedded  in  the  slaty  rock. 
No.  27,  in  such  a  manner  as  puts  their  nature  beyond 
question.  Several  of  the  inclined  strata  on  the  left 
of  the  cove  have  their  entire  surfitce  covered  with 
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projecting  nodules,  giving  them  a  blistered  appear- 
ance, not  unlike  that  of  the  haematites.  This  rock 
might,  by  some  persons,  be  called  a  variety  of  con- 
glomerate ;  but  it  differs  very  materially  from  this 
fragmentary  rock,  for  both  the  nodules,  and  the 
basis  in  which  they  are  imbedded,  are  composed  of 
the  same  mineral  substance* 

Such  are  the  rocks  which  lie  between  Rough-Tor 
and  the  sea-shore,  in  the  parish  of  St.  Gennys. 
Several  general  remarks  might  have  been  made  on 
their  nature,  position,  and  conformation ;  but  this 
will  be  deferred  for  the  present,  in  order  to  avoid 
repetition. 

From  Rough-Tor  to  Tintagell. 

On  starting  again  from  Rough-Tor  and  Brown- 
Willy,  as  from  a  centre,  the  granite  is  found  to 
extend  as  far  as  Moor  Gate,  on  the  road  to  Camel- 
ford  :  but  the  junction  with  the  slate  is  not  visible, 
although  it  is  here  indicated  by  the  improvement 
of  the  soil.  A  little  farther  on,  near  Pencarrow, 
bomblende  slate  (29.)  makes  its  appearance:  the 
specimen  is  somewhat  changed  by  the  action  of  the 
air^  a  better,  however,  could  not  be  obtained,  as  only 
a  small  portion  of  the  rock  projects  by  the  road- 
side. The  neighbouring  hills  are  steep,  and  are 
covered  with  caims  or  tors,  the  rock  of  which  (30.) 
is  similar  to  the  last,  consisting  of  an  intimate  union 
of  compact  febpar  and  hornblende.  In  the  valley 
adjoining  Pencarrow,  new  a  litde  stream,  the  side 
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of  a  vein  or  cross  course  of  granitic  ehan  (31.)  is 
exposed ;  but  not  sufiBciently  to  shew  its  breadth  or 
bearings.  This  rock  also  is  much  decomposed ;  it 
resembles,  in  composition,  that  of  No.  6. 

At  Tremagenna  (to  the  westward  of  the  last  place, 
and  on  the  other  side  of  the  Camel,  near  the  tenth 
mile-stone  from  Bodmin,)  another  elvan  occurs, 
which  has  been  extensively  excavated  for  mending 
the  roads,  for  which  purpose  it  affords  an  excellent 
material.  It  is  (32.)  a  white  rock,  composed  of 
compact  felspar,  in  which  are  imbedded  limpid 
grains  of  quartz  and  scales  of  mica ;  it  (33.)  is  also 
in  some  parts  stained  with  rust-coloured  spots,  pro- 
duced by  the  decomposition  of  some  adventitious 
mineral,  probably  of  hornblende:  small  irregular 
crystals  of  felspar  may  likewise  be  observed  here 
and  there,  but  they  are  of  rare  occurrence.  As 
these  workings  are  confined  to  the  middle  of  the 
bed,  on  account  of  this  part  furnishing  the  hardest 
stone,  no  other  kind  of  rock  is  brought  into  view ; 
so  that  its  geological  relations  to  the  adjoining  strata 
are  obscure.  At  present  the  excavation  is  several 
times  as  long  as  it  is  broad,  and  appears  to  be  in  the 
direction  of  this  course  of  ehan,  which  in  this  case 
lies  N.  E.  and  S.  W.,  parallel  with  the  nearest  strata 
of  slate,  which  dip  to  the  N.  W.,  at  an  angle  varying 
from  16°.  to  20^ 

About  two  miles  north  of  Camelford,  just  above 
Slaughter  Bridge  (where  tradition  says  that  King 
Arthur  fell  in  battle)  is  a  bed  of  compact  hornblende 
rock  (34.)  the  same  as  No.  30 :'  it  is  imbedded  in  a 
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slate,  (35.)  ^hich  is  glossy  and  more  argillaceous 
than  any  yet  noticed.  It  has  the  same  bearings,  as 
that  last  mentioned. 

To  the  westward  of  this  place,  on  the  side  of  the 
hill  near  Penpethy,  occurs  a  more  compact  light- 
coloured  slate^  (36.)  harder  and  less  argillaceous  than 
the  last :  it  is  full  of  small  well-defined  ochreous 
specks,  the  remains  of  imbedded  particles  of  iron- 
pjrrites. 

A  little  farther  north,  near  Trewarnet,  is  a  large 
slate-quarry,  called  North  Delabole,  on  account  of 
the  slate  being  similar  to  that  of  Delabole,  which  is 
about  two  miles  distant,  and  has  been  long  noted 
for  the  excellent  quality  of  its  slates.  The  North 
Delabole  quarry  is  a  very  large  excavation ;  and  its 
machinery  is  well  constructed :  by  one  powerful 
water-wheel  the  water  is  pumped  out,  the  slate  and 
rubbish  drawn  up  over  a  tram-road,  and  the  large 
slates  sawn  into  proper  dimensions.  The  immense 
quantity  of  overburden,  (i.  e.  the  disintegrated  rock 
and  diluvium)  to  be  removed,  before  the  bed  of  good 
roofing  slate  can  be  quarried,  must,  however,  be  a 
great  drawback  on  the  profits  of  this  undertaking. 

One  would  think  that  this  expensive  operation 
might  be  avoided  by  mining,  instead  of  quarrying, 
as  is  done  at  some  of  the  slate-works  in  France. 
This  obvious  suggestion  had  also  occurred  to  the 
proprietors,  who  dft  one  time  were  desirous,  as  they 
informed  me,  of  carrying  it  into  effect ;  but,  the 
quarry-men,  whether  from  prejudice  or  well-ground- 
ed fears,  felt  so  assured  that  the  experiment  would 
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be  dangerous,  tbet  this  project  was  abandoned.  The 
objection  of  the  men  to  mining  was  founded  on  the 
structure  of  the  rock ;  and  the  state  of  the  case 
appears  to  be  as  follows. 

This  quarry  was  originally  worked  without  any 
system ;  that  is,  the  overbunlen  being  first  removed, 
wherever  the  good  slate  could  be  come  at,  the  layers 
were  forced  up  in  any  direction :  experience,  how- 
ever, at  last  taught  them  that  in  one  direction  it  was 
not  only  easier  to  raise  the  slate,  but  that  the  easiest 
way  was  attended  with  least  waste ;  and  in  conse- 
quence the  rock  has  been  excavated  into  parallel 
walk,  as  the  workmen  term  it. 

These  walls  are  produced  by  the  seams  or  joints 
which  traverse  the  strata  at  a  considerable  angle 
with  the  plane  of  inclination ;  a  structure  which  is 
common  to  all  the  schistose  rocks  of  Cornwall.  Now, 
as  these  seams  extend  upwards  through  both  the 
roofing  slate,  and  that  refuse  slate  which  is  supn- 
imposed,  and  as  the  former  to  be  worked  with 
advantage  must  be  excavated  from  joint  to  joint,  the 
workmen  were  of  opinion  that,  if  this  were  done, 
on  the  plan  of  mining,  the  uppw  part  of  the  rock 
would  be  forced  down  by  the  incumbent  pressure, 
and  slide  into  the  cavity  b^aeath.  As  the  object  of 
ttkiB  Society  is  not  only  to  attain  a  mineralogical 
and  geological  knowledge  of  Cornwall,  but  also  to 
improve  the  arts  connected  with  the  mineral  king- 
dom, this  subject  is  wortiby  of  the  attention  of  those 
members,  who  are  more  conversant,  than  I  ain^  with 
the  art  of  mining. 
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The  rock  at  the  upper  part  of  this  quarry^  is 
similar  to  that  of  No.  86 ;  the  one  last  described 
as  occurring  at  Penpethy*  The  roofing  slate  (37, 
and  38.)  is  of  a  dark  blue,  finegrained  and  uniform 
in  its  texture;  it  is  glossy,  and  when  viewed  bj 
reflected  light,  appears  to  be  covered  with  very 
minute  spangles.  It  is  translucent  on  the  edges,  or 
when  divided  into  very  thin  laminae.  To  which 
property  must  be  attributed  the  peculiar  mottled 
aspect  of  its  surface  when  cloven ;  the  numerous 
thin  abraded  laminae  on  the  surface,  allowing  the 
transmission  of  light,  appear  whitish,  whilst  the  mass 
of  the  slate  is  blue  and  opaque.  The  slate  is  raised 
from  the  quarry  in  pieces  of  from  eight  to  twelve 
feet  long,  wA  five  or  six  feet  wide,  and  about  six 
inches  in  thickness,  by  means  of  eight  or  ten  flat 
wedges,  which  are  struck  alternately  by  a  like 
number  of  workmen.  It  would,  however^  be  super- 
fluous to  give  an  account  of  the  cutting  and  trimmmg 
the  slates  for  the  market,  as  these  operations  are  the 
same  as  followed  in  Wales  and  other  places,  and 
which  are  generally  well  known. 

Throughout  the  whole  of  the  quarry  there  ana 
Insulated  patches,  which  are  not  r^ularly  foliated ; 
but  which  (39.)  break  into  thick  coarse  fragments 
with  a  conchoidal  fracture.  These'  patches  are 
not  homogeneous;  in  one  part,  they  resemble  the 
roofing  slate ;  but  in  oUiers,  they  contain  a  consider- 
able portion  of  a  dark  green,  foliated  hornblende, 
(precisely  similar  to  that  which  has  been  already 
noticed  aa  occinring  in  coajunetion  with  ealoareovs 
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spar  in  the  rock  at  Grylls,)  and  a  mineral  in  the 
form  of  white  streaks  which  may  be  seen  on  a 
close  examination^  between  the  lamine  of  the 
hornblende,  and  which  on  being  tested  proved  to  be 
carbonate  of  lime. 

This  fact  is  very  interesting,  for  it  seems  to  point 
out  that  this  slate  is  connected  with,  or  at  least  forms 
a  member  of,  the  same  series  of  rocks  to  which  the 
calcareous  rock  of  Grylls  belongs. 

In  this  quarry  there  also  occur  contemporaneous 
veins  of  quartz,  containing  here  and  there  clusters  of 
rock-crystals  of  perfect  transparency,  and  beautifully 
defined.  To  the  workmen,  however,  who  labour  by 
tutHvori,  these  quartz  veins,  although  they  obtain 
sometimes  very  great  prices  for  these  crystals,  are 
unwelcome :  for  the  slate  in  their  immediate  vicinity 
is  of  an  inferior  quality.  From  this  circumstance  it 
would  appear,  that  the  component  parts  of  the  slate 
are,  adjoining  the  veins,  differently  combined :  and 
in  the  veins  themselves,  these  often  form  an  assem- 
blage of  several  simple  minerals.  In  one  of  these 
veins  (40.)  occur  pure  white  quartz,  (both  compact 
and  crystallized)  hornblende,  flesh-coloured  felspar, 
and  calcareous  spar ;  and  the  piece  of  rock  attached 
shews  how  much  it  differs  from  the  roofing  slate,  in 
which  it  was  imbedded. 

Proceeding  northward,  about  midway  between 
Trewithen  and  Trevenna^  the  slate  (41.)  is  of  a  nmch 
darker  colour  than  the  last;  but  it  has  similar 
spangles  which  are  large  enough  to  be  detached  in 
the  form  of  shining  scales,  but  still  so  small  that  their 
nature  is  not  apparent. 
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North  of  Trevenna,  on  the  left-hand  side  of  the 
road  leading  to  King  Arthur's  Castle,  is  a  small 
quarry,  where  the  strata,  as  in  the  preceding,  dip  to 
tfafi  N.  W.,  at  an  angle  of  ahout  20*^.  This  rock  (42.) 
is  of  a  slaty  structure,  and  in  every  respect  resembles 
tiiat  of  Peppethy,  No.  36.  A  little  farther  on  the 
same  road,  at  Borough  Mill,  the  slate  (43, 44.) 
contaiBS  a  larger  portion  of  hornblende,  and  thin 
parallel  layers  of  quartz,  which  (45.)  is  accompanied 
with  green  talc  and  carbonate  of  lime.  On  each  side 
of  the  mill-stream  there  are  detached  blocks  of  a  mas- 
sive rock,  (46,47.)  commonly  known  in  the  neighbour- 
hood by  the  names  oi  freestone  and  bastard  granite  : 
it  consists  of  granular  fetspar  and  shining  lamellar 
horaUende,  and  is  similar  to  the  rodk  at  Davidstow ; 
but  these  specimens  are  not  so  perfect,  owing  to 
tfadr  having  been  broken  off  frcmi  the  weathered 
part  of  the  rock,  whereas  4|ios9  from  Davidstow 
vece  4>btained  from  the  inner  part  of  a  block  that 
had  just  been  cloven.  This  massive  rock  is  very 
abundant  in  the  hills  on  each  aide  of  the  valley ;  and 
esMends  to  the  promontory  on  which  Arthur's  casde 
is  situated ;  on  the  northern  extremity,  however,  it 
becomes  sdhJstose,  (4B.)  and  gradually  passes  into  an 
imifogm  gr^ridi  slate  (49.)  like  those  of  GryHa  and 
Pespeihy.  These  socks  ;aU  dip  N.W.,  at  an  angle 
of  idbottt  25o. 

Hiring  again  crossed  the  ^strata  intervening 
faetw«en  the  granite  and  the  aea ;  it  is  next  proposed 
to  proceed  along  the  coast  to  Tresparrett  Downs, 
near  which  place  the  first  section  was  completed. 
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From  TintAgrll  to  Tresparkett  Downs. 

At  Bossiney^  the  slate  (50.)  only  differs  from  the 
last  in  being  of  a  lighter  colour,  and  rather  more 
glossy.  In  Bossiney  Cove*  the  same  kind  of  rock 
occurs,  some  layers  of  which  (51.)  have  a  strong 
lustre :  it  appears  to  be  a  kind  of  talcose  schist. 

At  Longbridge,  between  Bossiney  and  Trethevy, 
the  slate  (52.)  is  of  a  bluer  colour,  and  more  fissile. 
About  two  miles  up  the  valley  from  the  bridge,  the 
stream  falls  over  a  projecting  ridge  of  rocks,  forming 
a  cascade  of  about  thirty  feet  in  height.  This  is  the 
celebrated  Nathan's  or  Knighton's  Kieve,  which  by 
our  Cornish  tourists  has  been  described  as  a^qfidly 
grand  and  sublime.  This,  however,  is  too  poetical ; 
but  although  it  will  not  bear  comparison  with  that 
of  the  Clyde,  or  even  with  many  of  the  lesser  water- 
foils  in  this  country ;  yet  it  is  really  a  very  interest- 
ing object,  and  its  situation  is  retired  and  romantic. 
The  cascade  is  received  into  a  natural  rock-basin  or 
kieve,  from  which  it  escapes  and  flows  murmuring 
over  its  pebbly  bed,  through  a  deep  and  narrow  glen 
which  is  prettily  wooded. 

At  the  point  where  the  water  rushes  over  the 
precipice,  the  rock  on  each  side  forms  a  narrow 
channel  of  two  or  three  feet  in  depth ;  which  appears 
to  have  been  excavated  by  the  action  of  the  stream : 
but  the  sides  and  bottom  of  this  channel  are  covered 
with  an  uniform  coat  of  vegetation,  indicating  that 

*  I  have  been  lately  infoimed  that  beds  of  calcareous  rocks  occur  in  the 
cliffy  of  this  core :  and  thmt  the  cavemi  are  lined  with  stalactites. 
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no  abrading  process  is  now  in  operatioil.  It  is  most 
probable  that  this*  channel,  as  well  as  the  defile 
beneath,  was  not  formed  by  this  insignificant  rivulet ; 
bat  became  subservient  to  it,  as  affording  an  unob- 
structed egress  to  its  waters.    '. 

The  rock  which  forms  the  projecting  precipice  at 
Nathan's  Kieve,  is  a  coarse-grained,  greyish,  and 
laminated  rock  (53.) ;  and  immediately  adjoining  it 
northward,  the  hill  is  formed  of  a  blueish  fine-grained 
slate  (54.)  whi^  dips  N.W.  and  is  similar  to  the  slate 
on  the  upper  part  of  North  Delabole  quarry :  indeed 
it  may  possibly  be  a  continuation  of  the  same  stratum. 

Crossing  over  the  fields  from  Nathan's  Kieve  to 
the  village  of  Trethevy,  about  midway^  there  is  a 
furze-croft,  on  the  surface  of  which  project  several 
masses  of  a  compact  rock.    Having  observed  a  gate 
hung  on  a  block  of  this  stone,  I  traced  it  to  this  place, 
and  was  so  fortunate  as  to  find  a  part  of  the  ground 
opened  for  raising  hedging  stones.    This  rock  (55.) 
is   green   and   glossy;    it   is  foliated,  tough  and 
effervesces  with  acids: — ^it  is  of  the  same  nature 
as  the  calcareous  rock  of  Grylls,  only  of  a  finer  and 
'  more  uniform  texture.    The  same  kind  of  rock,  I 
have  since  been   informed,  occurs  near  Tintagell 
point:  but  it  escaped  my  notice.     At  Trethevy, 
slate  (56.)  again  occurs ;  it  is  of  a  light  colour,  with 
ochreous  stains.    A  similar  kind  of  slate  (57, 58.) 
extends   to   Trewothat,  near  Trevalga  church:^— 
No.  59,  is  a  specimen  of  the  slate  at  the  latter  place. 
On  the  north  side  of  the  village  is  an  extensive, 
though  shallow  quarry;   where  the  slate.  <60L).Js 
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raiwd  id  slnhi,  so  lai^  and  strong,  that  thej  are 
used  tot  making  sheds,  fcoces^  stiles,  and  for  similar 
purposes* 

At  WildtOwn,  the  slate  (61.)  is  blueish  and  speckled 
with  hornblende.  In  the  cove  below,  and  on  the 
side  of  the  difiii,  are  several  quarries  of  roofing 
slate.  Very  considerable  quantities  of  these  slates 
(02, 03.)  are  raised ;  and  are  generally  known  by  the 
name  of  el^y  elates  ;  they  are  sold  at  a  lower  price, 
than  those  of  Delabole,  atad  their  inferiority  appears 
to  consist  in  becoming  weathered  on  exposure  to  the 
air.  This  slate,  when  first  raised,  has  a  good  colour, 
its  surface  is  granular,  and  minute  particles  of  iron- 
pyrites  at-e  visible  throughout ;  to  the  deoomposition 
of  which,'  the  tteaihering  of  these  slates  must  be 
attributed.  Many  blocks  of  UmeeUme  may  be  seen 
in  the  walls  of  Forrabury  church,  and  the  granite 
cross  which  stands  outside  the  church-yard  is  fixed 
in  a  mass  of  this  stone :  it  may,  therefore,  exist  in 
the  neighbourhood,  but  I  could  not  diseovtt  it 

South  of  this  church,  the  ends  of  the  strata  haeeet 
out  on  the  sid«  of  the  hill,  dipping  northward  at  an 
angle  of  SO*^  This  rock  (64.)  ia  ftlate,  which  has  that 
spangled  appearance  noticed  in  the  neighbourhood 
of  Trewam^t.  A  longitudinal  section  of  this  ro^  is 
also  exposed  on  tiie  road  from  Bosoastk  to  Valency 
Bridge,  which  exhibits  a  good  example  of  the  curbed 
structure  of  nxsks.  The  adjoining  promontory  of 
PeUy  Poitat  dso  piments  many  sectimis  illisitraitive 
of  the  same  conformation.  Here  the  slate  (6ft.)  is  of 
a  dark  cofour,  its  texture  is  granular,  end  it  contains 
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a  coDsiderable  portion  of  iron-pyrites.  This  kind 
of  rock  prevails  along  this  part  of  the  coast :  it  is 
very  prone  to  decomposition,  and  in  some  cases 
becomes  a  black  earthy  mass  which  soils  very  much ; 
and  on  this  account  it  has  been  supposed  to  contain 
manganese,  which  mineral  is  well  known  here,  iu 
consequence  of  its  being  brought,  in  considerable 
quantities,  to  the  port  of  Boscastle  for  shipment. 
A  disintegrated  stratum  of  this  sort  (66.)  occurs  m 
Willapark  cliff,  a  little  to  the  westward  of  Forrabury 
church ;  and  is  imbedded  in  slate  (67.)  similar  to 
No.  65.  This  slate  contains  layers  or  beds  of  a  car- 
bonaceous mineral,  (68.)  which  has  a  metallic  lustre 
on  the  face  of  its  laminae,  is  soft  and  soils  much ;  it 
deflagrates  when  thrown  into  red-hot  nitre. 

I  am  indebted  to  Mr.  Wm.  Petherick,  of  Lanescot 
mine,  fw  this  specimen,  and  for  the  knowledge  of 
its  oceurrenee  in  Cornwall.  He  informed  me  that 
he  was  induced  to  search  for  it,  in  consequence  of 
the  great  resemblance  of  these  rocks  to  those  of 
Devon  which  contain  coal :  and  having  found  a 
fiivoiirable  spot,  he  got  assistance  to  remove  the 
decomposed  part  of  the  rock,  under  which  he  dis- 
covered this  carbonaceous  mineral. 

On  examination  I  And,  that  these  dark  pyritiferoas 
slates  owe  their  black  colour  to  a  portion  of  this 
mineral:  so  that  this  carbonaceous  substance  is 
ooeanonally  aggregated  into  distinct  veins  or  layers, 
in  die  same  mamm  as  calcareous  iqpar  in  limestones, 
and  quarts  in  rocks  that  abound  in  silica. 

The  rocks  between  Pelly  and  Fire-beaoon  P<HBts 
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contain  very  large  veins,  or  rather  layers,  of  quartz 
running  parallel  with  the  strata ;  and  in  some  in- 
stances, as  may  be  seen  on  the  western  side  of  Pelly 
Point,  even  foUowing  the  most  capricious  curvatures 
of  the  slate.  In  the  little  cove,  midway  between 
these  points,  (about  a  mile  to  the  eastward,  and  on 
the  right-hand  side,)  is  a  perpendicular  cliff,  in  which 
are  several  thick  layers  of  quartz  one  above  another, 
in  an  horizontal  position,  with  the  slate  intervening ; 
so  that  they  might  be  mistaken,  if  viewed  in  this 
solitary  instance,  as  alternating  strata  of  slate  and 
quartz-rock.  They  are,  however,  only  contempora- 
neous veins,  for  innumerable  examples  occur  in  this 
neighbourhood,  where  similar  veins  may  be  seen 
throughout  their  whole  extent. 

It  may  also  be  remarked,  that  here  also,  as  well  as 
in  the  places  already  alluded  to,  the  rock  immediately 
in  contact  with  the  quartz  veins  is  harder,  and  appa- 
rently more  siliceous:  it  also  sometimes  happens, 
that  imbedded  in  these  rocks,  there  are  certain  layers 
of  a  harder  rock  full  of  numerous  quartz  veins,  as 
observed  at  Crackington  Cove ;  and  again  the  quartz 
veins  are  entirely  wanting,  and  in  their  place,  (if  tibe 
expression  may  be  allowed,)  occur  strata  of  hard 
compact  rock,  in  colour  and  composition  apparently 
the  same  as  the  slate  in  which  they  are  imbedded, 
but  which  have  not  their  lamellar  structure.  It  is, 
therefore,  probable  that  the  silica,  which  in  other 
parts  of  the  stratum  forms  quartz  veins,  is  in  this 
case  intimately  united  with  the  substance  of  t}ie 
slate.    The  compact  rock  (69.)  and  that  (70.).  with 
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veini?  of  quartz,  were  obtained  from  a  road-qnarry 
on  the  side  of  the  hill,  about  half  a  mile  from 
Valency  Bridge,  on  the  Launceston-road. 

A  little  farther  on,  to  the  right  of  this  road,  at 
Tresuck,  is  another  quarry,  the  slate  of  which  (71.) 
is  of  a  darker  colour  than  the  preceding :  the  joints 
of  this  rock  are  full  of  thick  flakes  of  iron-pyrites ; 
and  the  same  mineral  is  very  abundantly  dissemi- 
nated throughout  the  substance  of  the  slate ;  it  does 
not  alter  its  colour  in  the  streak,  so  that  it  resembles 
the  alum-shales.  Iron-pyrites  enters  so  abundantly 
into  the  composition  of  these  rocks,  that  it  is  entitled 
to  be  considered  as  a  constituent  part,  and  not  as  an 
imbedded  adventitious  mineral. 

About  half  a  mile  farther  north,  at  Battens,  the 
slate  (72.)  is  similar  to  that  just  mentioned;  it  only 
differs  in  the  surface  of  its  laminse  being  striated. 

Near  Higher  Bany,  north  of  Battens,  a  dark 
glossy  pyritous  slate  (73.)  occurs ;  and  continues  to 
Tresparrett  Dovms. 

From  St.  Breward  to  Endelliom,  and  thence 

TO  Padstow  Harbour. 

Returning  to  Rough-Tor,  and  proceeding  thence 
in  a  south-westerly  direction  to  St.  Breward,  the  only 
rock  passed  over  is  granite,  which  (74.)  is  similar  to 
that  of  Brown-Willy,  and  Brey ;  with  the  exception 
that  the  mica  is  rather  more  abundant. 

The  church  of  St.  Breward  is  situated  on  the  top 
of  a  hill  which  descends  rapidly  and  steeply  to  the 
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westward ;  and  immediatdy  opposite  if  another  hill 
of  the  same  form  and  inclination:  the  glen  thus 
formed,  between  these  hills,  is  deep  and  narrow, 
affording  a  passage  for  the  rirer  Camel.  The  upper 
part  of  St.  Breward's  hiU  is  covered  with  projecting 
masses  of  granite ;  but,  about  midway  on  the  descent 
to  the  river,  these  suddenly  disappear ;  and  corn-fields 
and  coppioe*woods  succeed,  indicating  an  improve- 
ment in  the  soil,  and  a  difference  in  the  subjacent  rock. 
The  junction  is  not  exposed ;  but  at  a  fonn-house, 
about  a  hundred  yards  from  the  granite,  a  schistose 
rock  protrudes  from  beneath  the  soil :  jand  4M)  CTossing 
the  river,  (at  Combe)  the  same  rock  also  presents  itself 
at  Penrose,  a  farm-house  on  the  top  of  the  oppwite 
hill ;  and  is  there  distinctly  seen  dipping  west,  at 
an  inclination  of  46^.  This  rock  (76.)  .appeairs 
to  be  a  variety  of  mica-slate :  it  divides  istto  thin 
lamtnaei,  the  surface  of  which  is  shining  and  micace- 
ous ;  but  on  the  cross  fractmre  it  is  dull  and  some- 
what granular :  these  grains  are  not  qnartis  as  in  the 
most  perfect  type  of  mica-slate ;  but  judging  from 
their  inferior  hardness,  and  their  a^pearanee  wl^en 
disintegrated,  they  probably  epotain  felspar.  In 
many  parts  of  Cornwall  the  slate  has,  on  a  newly 
fractured  surface,  very  much  of  this  micacmus 
appeacance,  particularly  that  which  iMomv  im  tiie 
north  liide  of  Truro :  but  this  is  merely  a  sttperftcial 
gloss.  The  slate  of  St  Breward^  bowevar,  appeans 
to  be  composed  of  granular  felspar,  intorlaiunafted 
with  mica:  and  its  geological  position  w  UMnadJate 
contact  with  titie  graxUtjei,  is  in  £iivor  <«f  it»  \mpe 
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considered  a  variety  of  mica-slate.  This  interesting 
rock  may  be  traced  from  thence  for  several  miles^ 
running  N.  and  S.,  parallel  with  the  granite>  in  the 
direction  of  Michaelstow  and  of  Blisland.  A  bed  of 
a  hard  massive  rock  (76.)  which  appears  to  consist 
of  compact-felspar  and  hornblende,  (resembling  the 
greenstone  of  Pencarrow  near  Camelford,)  occurs 
a  little  to  the  north  of  Penrose ;  but  in  what  manner 
it  is  connected  with  the  mica-slate  was  not  evident. 

About  half  a  mile  to  the  east  of  St.  Tudy,  the 
hornblende-slate  (77.)  appears,  and  intermixed  with 
the  massive  varieties  of  this  rock,  continues  through 
St.  Tudy,  and  about  a  mile  farther  to  the  westward. 
Turning  northward  to  St.  Teatb,  about  half  a  mile 
from  the  latter,  is  Treburget  mine :  which  is  situated 
in  a  blue  pyritous  slate  (78.)  traversed  by  lodes 
running  N.  £.  and  S.  W.,  varying  from  two  to  five 
feet  in  thickness.  These  lodes  (79,  80,  81,  82.) 
contain  galena,  blende,  iron-pyrites,  and  spathose 
iron-ore ;  and  their  matrix  (83.)  consists  of  angular 
pieces  of  slate,  like  fragments,  cemented  together  by 
quartz :  the  angular  form  of  these  fragments  indicate 
that  they  have  not  been  transported  from  a  distance, 
which  is  confirmed  by  their  being  of  the  same  nature 
as  the  adjoining  rock. 

In  one  part  of  this  mine,  all  these  substances  are 
found  in  an  unconsolidated  state  like  gravel ;  but 
under  what  particular  circumstances  I  could  not 
learn,  the  Captain  being  absent,  nor  have  I  as  yet 
received  an  answer  to  my  enquiries. 

The  slate  is  also  traversed  by  a  cross-course  of  a 
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in  the  cross  fracture  it  is  exceedingly  tough.  It  dips 
to  the  N.  W.,  at  an  angle  of  SO^'.  The  same  kind  of 
rock  also  occurs  at  Padstow  Harbour,  in  the  cliffi 
between  Hell  Bay  and  Pentire  Point* 

The  Downs  between  Endellion  and  St  Minver, 
are  covered  with  fragments  of  a  rock,  (94.)  which  is 
somewhat  similar  to  the  last,  in  composition;  but 
it  is  rather  schistose,  and  not  amygdaloidal :  I  did  not 
see  it  in  W/k,  but  there  can  be  little  doubt  that  it 
exists  under  the  soil.  The  same  kind  of  rock,  (95.) 
but  more  massive,  is  found  on  the  Camel,  imme- 
diately above  the  point  at  Dinham,  and  from  the 
direction  it  may  possibly  be  a  continuation  of  the 
rocks  which  have  just  been  described.  It  is  not 
unlike,  in  appearance,  the  massive  felspar-rock  of 
Mount's  Bay,  exhibiting  when  wet  a  bright  mixture 
of  colours,  in  which  violet  predominates.  It  is 
massive  and  granular,  and  exceedingly  tough ;  but 
when  a  fragment  of  it  is  thrown  into  dilute  acid, 

*    Since  writing  tlie  above,  Mr.  John  Prideanx,  of  Plymouth,  has  presented 
to  the  Society  specimens  of  rocks,  illustnitive  of  his  Geolosioal  Sketch  of  the 
country  between  the  rivers  Plyni  and  Tamar,  amongst  which  is  one  from  Crab- 
tree  resembling  tliat  of  Port  Isaac,  and  is  tlius  described.    ''  Tills  grey  wack^, 
here  called  *•  DunHimey'  is  generally  compact,  and  hard  enough  to  make  a  good 
road-stone.    It  saffers  from  the  weather,  (particularly  where  it  happens  to 
piesant  an  eastern  ftiooy  south  of  the  granite,)  mouldering  and  becoming  honey- 
combed, the  hollows  containing  ochreous  matter.    It  is  often  disseminated 
with  amygdaloid  granules  of  limpid  crystallised  carbonate  of  lime,  and  some- 
times of  black  shorl,— and  it  gonerally  retoma  the  odour  distinctive  of  horn- 
blende, when  breathed  on.    Veins  of  quarts,  accompanied  vrith  pulverulent 
black  oxide  of  manganese  often  occar,  particularly  in  the  slaty  portions ;  and 
the  latter  substance  occasioaaUy  ilia  the  porea  of  the  exposed  rock,  instead  of 
the  ochreous  matter  above  mentioned.    It  is  very  fhsible  before  the  blovn>ipe, 
which,  Joined  to  its  siiaeeptihiUty  to  the  weather,  seems  to  indicate  its  eontain- 
ing  an  alkali.^'    Transactions  of  the  Plymouth  Institution,  Vol.  1,  p.  Sa.    The 
latter  observation  in  some  measure  confinns  the  opinion  above  advanced, — that 
the  basis  of  this  rock  is  compact-felspar. 
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it  effervesces  slightly;  this  action,  however,  soon 
ceases,  owing  to  the  great  cohesion  of  its  particles, 
and  the  protection  of  the  calcareous  portion  hy  the 
hornblende  and  other  component  parts:  for  when 
veduced  to  powder  the  action  is  more  free,  and  the 
hornblende  and  felspar  remain  as  sediment 

At  Dinham  is  a  limestone-quarry  near  the  road- 
side, and  from  the  position  of  this  bed,  it  is  probably 
in  contact  with  that  of  the  compact  felspar-rock 
just  described. 

Around  St.  Minver  a  yellow  slaty  rock  (96.)  pre- 
vails ;  it  is  rather  soft,  and  separates  easily  into 
thick  laminae  of  a  rhomboidal  form ;  it  is  evidently 
in  an  altered  state,  the  perfect  rock  is  probaly  a 
variety  of  hornblende-slate. 

Imbedded  in  this  slate,  between  St  Minver  and 
Trevanger,  is  a  massive  rock  similar  to  the  last ;  in 
the  upper  part  of  the  quarry  the  rock  (97.)  is  in  a 
decomposed  state ;  beneath  tliis  it  (98.)  is  but  par- 
tially disintegrated,  and  appears  to  be  a  crystalline 
compound  of  hornblende  and  felspar. 

Between  Dinham  and  Rock  Ferry,  on  the  Camel, 
hornblende-slate  (99.)  is  the  only  rock  exposed  to 
view :  but  at  the  latter  place  this  slate  contains  beds 
of  dark  blue  limestone,  (100,  101.)  abounding  in 
▼eins  of  calcareous  spar.  This  stone,  known  pro- 
vincialty,  under  the  name  of  black  lime,  will  burn 
into  an  excellent  lime,  partaking  somewhat  of  the 
nature  of  that  from  Aberthaw.  The  upper  part  of 
this  stratum  gradually  passes  into  hornblende-rock, 
as  may  be  seen  in  the  specimens,  Nos.  108, 103,  IQA. 
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Here  I  think  that  the  relation  of  the  limestone 
and  the  homhlende-rocks  towards  each  other  is 
clearly  shewn :  and  appears  to  be  applicable  to  all 
these  rocks  in  this  part  of  the  country ; — y\z.  that 
the  limestone  does  not  form  an  independent  stratum, 
but  is  intimately  connected  with  the  adjacent  rocks, 
all  of  which  contain  a  portion  of  calcareous  spar ;  and 
from  which,  it  only  differs  in  holding  this  mineral  in 
excess.  And,  if  this  view  of  the  subject  be  correct, 
this  limestone  may  be  regarded  as  the  equivalent  of 
the  porphyries  in  the  strata  adjoining  the  granite. 

From  Rock  House  to  Trebetherick,  about  half  a 
mile  north  of  St.  Enodock,  the  country  consists  of 
immense  sand-hills:  at  this  village  slate  again  ap- 
pears, and  may  be  traced  along  the  cliffs  to  Pentire 
Point.  This  slate,  when  perfect,  is  rather  hard,  it 
does  not  break  into  regular  laminse,  but  is  splintery 
in  the  fracture,  resembling  honestone  or  novaculite : 
the  most  abundant  kind  is  of  a  dark  reddish  brown, 
(105.)  which  is  frequently  intermixed  with  (106, 107.) 
greenish  and  yellowish  grey  beds ;  indeed  all  these  are 
often  blended  together  in  patches,  spots,  and  stripes. 
These  strata  dip  N.W.,  at  an  angle  of  about  ^Q^.  and 
are  traversed  by  hornblende  and  limestone  rocks. 

In  a  little  creek  near  Polzeath,  in  Hell  Bay,  the 
side  of  a  large  lode  is  exposed  to  view,  it  consists 
principally  of  quartz,  with  imbedded  portions  of 
black  and  grey  slate.  In  appearance  it  very  much 
resembles  the  lode  of  Treburget  mine,  at  St.  Teath, 
as  already  described :  and  indeed  from  the  position 
of  these  places,  it  may  possibly  be  one  and  the  same 
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lode.  It  is  exposed  for  several  hundred  feet  in 
length ;  but  it  has  such  a  curved  form,  that  it  is  not 
easy  to  pronounce  the  direction  of  its  dip  : — ^but  the 
angle  of  inclination  is  uniformly  55^.  Several  large 
fragments  of  this  lode  have  fallen  down,  and  being 
worn  by  the  sea,  the  surface  distinctly  shews  its 
nature :  which  in  a  hand  specimen  (108.)  is  not  very 
apparent.  This  fragmentary  appearance  of  lodes  is  of 
more  frequent  occurrence  in  Cornwall  than  is  gene- 
rally known :  I  shall  have  other  instances  to  notice, 
and  will,  therefore,  defer  this  subject  for  the  present. 

From  Blisland  to  Wadebridge  :  and  around 

Bodmin. 

To  return  again  to  the  granite  district: — this 
rock  (109.)  occurs  about  one  mile  east  of  Blisland  ; 
and  is  succeeded  by  hornblende-slate,  (110.)  con- 
taining beds  of  (111.)  compact  hornblende-rock: 
these  rocks  continue  to  Key  Bridge,  where  the  slate 
(112.)  is  more  decomposed  and  argillaceous.  In  the 
neighbourhood  of  St.  Mabyn,  the  rock  is  a  red  and 
grey  slate,  in  appearance  like  that  of  Padstow 
Harbour;  but  it  is  not  so  hard,  nor  splintery  in 
the  fracture.  It  dips  N.  W.,  and  extends  from  St. 
Mabyn  near  to  St.  Tudy,  and  in  a  westerly  direction 
beyond  the  high-road  from  Wadebridge  to  Camel- 
ford.  The  specimens,  Nos.  113, 114,  were  obtained 
at  a  quarry  a  little  to  the  north  of  Trethevy,  which 
is  about  midway  between  St.  Mabyn  and  the  above 
mentioned  high-road.    This  rock  is  succeeded  by 
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hornblendenslate  (115.)  about  the  second  milenstone^ 
and  continues  to  Wadebridge;  and  between  these 
places  it  is  traversed  by  a  hard  massive  rock  (116, 
117.)  which  affords  a  good  material  for  the  road ;  it 
has  the  appearance  of  compact-felspar,  penetrated 
by  numerous  veins  of  calcareous  spar ;  and  it  seems 
also  to  contain  a  portion  of  this  mineral  in  its  com- 
position, as  it  slowly  effervesces,  in  dilute  muriatic 
acid,  when  previously  reduced  to  powder. 

A  little  more  than  four  miles  from  Bodmin,  on  the 
Launceston-road,  is  the  boundary  of  the  granite; 
which  rock  has  the  same  characters  as  those  already 
described.  About  half  a  mile  from  the  junction, 
a  hornblende-slate  (118.)  occurs  in  a  quarry  by  the 
road-side:  and  a  similar  rock  (119.)  extends  over 
Baron  Downs. 

On  the  north-western  side  of  this  down  at  Ker- 
nick,  about  three  miles  from  Bodmin,  on  the  Camel- 
ford-road,  is  the  same  kind  of  schist  (120.)  which 
is  here  traversed  by  a  bed  of  granitoid  rock.  (121.) 
Some  parts  of  this  bed  is  more  compact,  (122.)  and 
contains  a  portion  of  hornblende.  This  rock  runs 
N.  E.  and  S.  W. :  it  is  exposed  for  about  twenty 
feet ;  but  its  junction  with  the  slate,  on  either  side, 
is  concealed ;  so  that  its  size  and  bearings  could  not 
be  ascertained :  it  is  probably  an  ehanrcourse.  On 
the  top  of  the  next  hill,  near  Smiths,  about  balf  a 
mile  nearer  to  Bodmin,  another  kind  of  ehathcaurse 
is  exposed  to  view,  in  consequence  of  the  road  having 
been  lowered.  I  first  observed  fragments  of  this 
rock  (123.)  at  the  bottom  ci  the  hill,  and  was  mach 
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struck  with  its  appearance ;  for  it  more  resembles 
a  granitic  sandstone  (produced  by  the  consolidation 
of  the  transported  debris  of  granite)  than  any  other 
rock  that  I  have  seen  in  Cornwall.  The  upper  part 
of  this  course  is  visible  in  contact  with  a  rock  like 
No. lis.  It  is  unchanged  at  the  junction:  where 
there  is  no  appearance  of  transition,  each  rock  being 
perfect  and  distinct.  This  circumstance  seems  to 
shew  that  there  is  a  difference  between  this  rock  and 
the  ehans ;  for  the  latter,  as  far  as  my  experience 
goes,  gradually  pass  into  the  adjacent  strata. 

This  course  appears  to  dip  southward,  at  an  angle 
of  30<>. :  its  bearings,  however,  were  not  so  evident 
as  to  enable  me  to  be  decided  on  this  point :  and  I 
was  not  successful  in  my  attempts  to  discover  it  in 
other  parts  of  this  neighbourhood.  The  farther 
investigation  of  these  numerous  beds  of  granitic 
rocks,  between  Bodmin  and  Camelford,  is  deserving 
of  the  Society's  attention. 

Two  miles  from  Bodmin,  on  the  same  road  near 
the  Race  Course,  a  similar  kind  of  hornblende-slate 
(124.)  occurs ;  and  continues  within  a  mile  of  this 
town.  At  a  quarry,  near  the  Bodmin  turnpike,  on 
the  Launceston-road,  the  rock  is  altered  in  character ; 
it  (125, 126.)  is  much  more  argillaceous  than  the  pre- 
ceding, is  not  so  lamellar,  but  separates  into  thick 
flags ;  it  prevails  in  the  neighbourhood  where  it  is 
extensively  quarried  for  building,  for  which  purpose 
it  is  well  adapted.  No.  127,  is  from  near  the  western 
turnpike,  and  Nos.  128, 129,  are  from  the  hill  de- 
scending to  Dunmeere  Bridge,  on  the  Wadebridge- 
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road.  In  the  upper  part  of  these  quarries  the  stone 
is  yeUowish  white,  stoined  with  red ;  but  lower  down 
it  has  a  bluish  tint,  and  the  deeper  the  quarry  is 
sunk  the  bluer  the  stone  becomes.  These  strata  dip 
N.  E.,  at  an  inclination  of  25^ 

The  nature  of  this  rock,  owing  to  its  altered  state, 
and  to  its  contact  with  other  rocks  not  being  exposed, 
is  rather  obscure.    But  as  it  occupies  a  considerable 
space  I  thought  it  worthy  of  particular  examination, 
and  I  therefore  endeavoured  to  trace  its  connection 
with  the  strata  nearer  the  granite ;  but  could  not 
find  the  rocks  exposed  in  any  situation  favourable 
to  the  enquiry.    In  repeatedly  traversing  this  part 
of  the  country,  I  at  last  met  with  a  rock  on  the  side 
of  a  hill  between  Bodmin  Downs  and  Castle  Kenyoe, 
which  appears  to  throw  some  light  on  this  subject : 
it  (130.)  is  of  an  ash  grey  colour,  and  consists  of 
an  intimate  mixture  of  fine  granular  felspar,  and  a 
shining  micaceous  mineral,  and  is  liable  to  extensive 
decomposition  like  the  slate  of  Bodmin.    The  tran- 
sition between   these  rocks  seem  to  be  easy;  for 
that  of  Bodmin,  being  of  a  somewhat  finer  and  more 
uniform  texture  than  the  rock  at  Kenyoe,  may  be 
owing  to  the  constituents  being  more  thoroughly 
blended  together.    Between  St.  Breward  and  Key 
Bridge  the  mica-slate,  by  the  gradual  disappearance 
of  the  mica,  passes  into  a  slate  also  resembling  that 
of  Bodmin :  this  rock  may,  therefore,  be  composed 
of    granular-felspar,    slightly    coloured    by    mica, 
hornblende,  or  some  analogous  mineral.    This  lamel- 
lar slate  occupies  a  position  which  is  nearly  equidis- 
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tant  from  the  granitic  groups  of  the  eastern  and 
central  districts^  into  which  it  mutually  passes  on 
either  hand.  It  is  such  a  distinctly  characterized 
rock^  that  it  ought  to  have  its  peculiar  name :  per- 
haps that  of  argiUite,  which  is  not  much  in  use 
now,  would  be  appropriate. 

From  Blisland  to  St.  Neot:  and  thence 
southward  to  polruan. 

Near  the  fourth  mile-stone  on  the  highway  from 
Bodmin  to  Launceston,  a  road  turns  off  to  the  right 
leading  to  liiskeard,  and  for  two  miles,  as  far  as 
Cardinham,  it  runs  parallel  with  the  granite,  over  a 
rock  very  similar  to  the  mica-slate  of  St.  Breward. 
Here,  however,  this  slate  (131.)  only  presents  itself 
in  very  shallo^v  sections  by  the  road-side,  and  is 
consequently  in  a  state  of  partial  decay.  It  dips 
S.  W.,  at  an  angle  of  35^  Imbedded  in  this  rock  at 
Treslea,  (on  the  side  of  the  hill  just  as  you  enter 
on  the  downs,)  the  upper  part  of  a  bed  of  felspar- 
porphyry  (132.)  is  exposed  to  view :  but  this  also  is 
in  a  state  of  decomposition ;  and  it  is  not  sufficiently 
denuded  to  shew  its  bearings.  From  the  latter  place 
over  the  downs  to  Panter's  Bridge,  the  rock  appears 
to  be  a  similar  kind  of  slate  to  that  of  the  downs 
N.  E.  of  Bodmin ;  it  also  succeeds  the  same  kind  of 
micaceous  slate,  and  like  it  abounds  with  massive 
quartz  veins.  Near  Panter^s  Bridge  the  rocks  (133.) 
are  more  compact,  resembling  hornblende-slate ;  and 
contain  beds  of   compact-felspar.     At  St.  Neot, 
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the  slate  (134.)  is  finer  grained  and  bluer.  A 
copper-mine,  not  far  from  the  church,  is  worked  in 
this  rock,  the  lodes  of  which  run  east  and  west, 
and  principally  consist  of  quartz.  About  a  quarter 
of  a  mile  south  of  St  Neot,  the  slate  (135.)  appears 
to  be  the  same  as  the  last,  only  it  has  lost  the  blue 
colour,  and  become  a  yellowish  grey  in  consequence 
of  a  partial  change.  A  mile  farther  south  the  slate 
is  more  fissile,  and  is  quarried  for  economical 
purposes :  my  specimen  of  this  rock  was  lost. 

At  Lawharn,  a  similar  kind  of  slate  (136.)  prevails, 
though  much  decomposed.  After  passing  the  woods 
the  extensive  downs  which  extend  southward,  ap- 
pear to  rest  on  the  same  kind  of  slate,  but  abounding 
so  much  in  quartz,  both  imbedded  and  in  veins,  that 
little  else  is  to  be  seen  than  blocks  and  nodules  of 
this  mineral,  with  more  or  less  of  the  slate  dissemi- 
nated throughout  its  substance. 

Proceeding  southward  to  Polruan  through  Botal- 
lick,  Trevallard,  and  Trehire,  the  rocks  are  so 
concealed,  that  I  could  not  obtain  specimens  :  but 
judging  from  the  weathered  stones  in  the  walls  of 
the  cottages,  and  in  the  hedges,  they  appeared  to  be 
of  a  similar  nature  to  those  about  to  be  mentioned. 

At  Lantegloss,  a  coarse,  earthy,  blue  slate  (137.) 
occurs:  and  at  Polruan,  the  same  kind  (138.)  of 
slate:  both  of  these  contain  minute  spangles  of 
mica,  and  are  traversed  by  quartz  veins ;  and  alter- 
nate with  beds  of  a  massive  quartzose  rock,  (139.) 
somewhat  resembling  a  very  fine-grained  sandstone. 
All  these  rocks  dip  northward,  at  an  angle  of  30^. 
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From  Polruan  to  East  Looe. 

The  last  mentioned  rocks  occur  on  the  coast,  both 
at  Lantivit  and  Lantioc  Bays ;  proceeding  thence 
inland  to  Lansallos,  the  slate  is  more  lamellar,  divid- 
ing into  large  thin  slabs ;  and  it  (140.)  also  differs 
from  the  last  mentioned  slates,  in  being  of  a  red 
colour,  which  I  am  inclined  to  attribute  to  the 
farther  oxidation  of  the  iron  which  enters  into  its 
composition,  as  already  noticed  in  the  rocks  at  St. 
Tudy :  for  immediately  to  the  N.  W.  of  Lansallos  is 
an  old  copper-mine  where  the  same  kind  of  slate 
(141.)  is  seen  near  the  surface;  and  amongst  the 
rubbish,  a  blue  slate  (142.)  which  only  differs  from 
the  last  in  colour. 

The  same  kinds  of  rocks  extend  to  Polperro,  and 
thence  through  Talland  to  Looe :  Nos.  143, 144,  are 
specimens  of  the  slates  from  Polperro,  and  No.  145, 
of  the  more  compact  rock  which  breaks  into  mas- 
sive laminffi,  and  is  more  micaceous  and  argillaceous 
than  the  equivalent  rock  at  Polruan.  These  strata 
all  dip  north,  at  an  angle  of  45^.;  so  that  the 
country  rises  into  high  hills  towards  the  sea,  where 
it  is  also  intersected  by  deep  and  narrow  valleys  or 
gullies,  through  which  some  insignificant  rivulets 
discharge  their  waters  into  the  ocean.  The  entrance 
of  the  harbour  of  Polperro  affords  the  best  example, 
that  I  have  met  with  in  Cornwall,  of  the  action  of  a 
mighty  torrent  on  the  strata  of  the  earth.  Here, 
the  hills,  on  each  side,  are  curved  at  their  summits 
towards  each  other ;  but>  after  a  short  descent,  ter- 


206  Dr.  Boasb,  on  the  Eastern 

minate  in  bold  perpendicular  cliffs,  from  the  sides 
of  which  craggy  portions  of  the  strata  protrude:  all 
of  which  have  the  same  dip  to  the  north.  Below 
high  water-mark  the  strata  are  firm  and  perfect ;  all 
decayed  parts  being  removed  by  the  action  of  the 
waves:  but  above  the  influence  of  the  sea,  the 
rocks  are  in  a  decomposing  state.  From  the  appear- 
ance of  these  hills,  there  can  be  little  doubt,  but 
that  they  extended  across  the  mouth  of  this  harbour 
in  the  form  of  a  concave  curve,  the  lowest  part  of 
which  was  above  high  water-mark.  If  this  were  the 
case  a  lake  must  have  once  existed  here :  but  my  stay 
was  too  short  to  search  for  lacustrine  remains  in 
support  of  this  conjecture ;  and  indeed  such  an 
enquiry  might  have  been  in  vain :  because,  as  the 
valley  to  the  north  inclines  rapidly  towards  the  sea, 
all  such  deposits  were  probably  swept  away,  when 
the  gorge  was  formed.  At  what  period  this  did 
take  place  is  not  easy  to  determine :  but  there  is 
ample  evidence  that  it  has  been  produced,  not  by  the 
usual  and  unceasing  action  of  the  elements,  but  by 
one  of  those  extraordinary  convulsions  of  nature,  by 
which  our  globe  has  been  periodically  visited. 

At  Talland,  the  rocks  are  of  the  same  nature :  but 
the  slate  (146.)  k  rather  greener  and  more  glossy, 
like  No.  141,  from  the  mine  at  LansaUos. 

The  rocks  around  Looe  are  very  like  the  last : 
Nos.  147, 148,  are  from  West  Looe ;  and  Nos.  149, 
150,  from  East  Looe,  from  a  quarry  at  the  top  of 
the  hill  on  which  this  town  is  situated.  These 
strata  dip  S.  and  8.  E.,  at  about  30^.  to  40^. 
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From  East  Loob  to  thb  Granite  Hills  north 

OP  St.  Cleer. 

About  a  mile  and  half  north  of  East  Looe,  the 
slate  (1510  IS  ^^^^  and  shining;  and  breaks  into 
laminae,  the  surface  of  which  is  very  irregular.  Near 
St.  Martins  it  contams  beds  of  a  massive  rock,  (152.) 
in  which  is  a  large  portion  of  carbonate  of  lime ; 
like  the  rocks  adjoining  limestone. 

Half-way  between  Looe  and  Liskeard,  at  Bin 
Downs,  the  country  rises  into  an  elevated  ridge 
which  is  barren,  and  covered  with  blocks  of  a  coarse 
kind  of  quartz-rock,  (153.)  consisting  apparently  of 
an  intimate  mixture  of  quartz  and  slate ;  the  former, 
however,  is  predominant  This  kind  of  rock,  which 
will  be  often  noticed  in  the  following  pages,  appears 
to  be  common  to  all  those  districts  in  the  slate 
formation,  where  high  and  barren  hills  occur.  It 
abounds  in  immense  masses  and  veins  of  quartz,  which 
is  sometimes  white  and  pure,  but  more  commonly  is 
intermixed,  or  penetrated,  uniformly  by  that  kind  of 
slate  which  lies  contiguous  to  this  rock,  with  whicb 
it  is  also  oftentimes  interstratified,  passing  mutually 
into  each  other. 

Descending  northward,  the  slate  (154.)  breaks 
into  more  uniform  laminss:  and  about  two  miles 
from  laskeard,  at  West  Clicker,  contains  beds  (155.) 
of  compact  hornblende-rock. 

About  a  mile  from  Liskeard  are  several  large 
quarries,  in  which  a  coarse  slate  is  raised  as  a  build- 
ing st<me :  it  (156.)  is  of  a  dirty  yeUowish  brown 
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colour,  irregularly  and  indistinctly  marked  with  blue 
spots,  but  which  become  more  prevalent  as  the  works 
become  deeper.  It  seems  to  me  to  be  a  slate  having 
a  basis  of  granular  felspar,  with  a  combination  of 
hornblende,  but  in  so  small  a  proportion  that  it  can- 
not, with  propriety,  be  called  hornblende-slate. 

Quarries  of  a  similar  kind  of  stone  (157,  158.) 
also  occur  about  one  mile  north  of  Liskeard,  on  the 
road  to  St.  Cleer :  the  strata  here  dip  towards  the 
S.  W.,  at  an  angle  of  30<>.  Still  proceeding  north- 
ward, hornblende  becomes  a  more  evident  consti- 
tuent of  the  rocks,  and  it  gradually  increases  in 
quantity  as  the  granite  is  approached,  till  at  length 
it  becomes,  at  St.  Cleer,  the  prevailing  ingredient. 
A  kind  of  hornblende-slate  (159.)  occurs  at  the  foot 
of  a  hill,  about  midway  between  Liskeard  and  the 
granite ;  the  strata  dip  as  the  last,  southward. 

The  large  down,  between  the  last  place  and  St. 
Cleer,  is  composed  of  (160.)  hornblende-slate;  and 
is  strewed  over  with  bowlders  of  greenstone,  (161.) 
in  some  parts  of  which  the  hornblende  is  distinctly 
crystallized  in  shining  lamin®.  These  blocks  of 
stone  may  be  found  more  than  a  mile  distant  in  the 
valleys  to  the  sout^  ;  and  they  increase  in  number 
as  you  ascend  to  the  highest  part  of  the  downs, 
where  the  greenstone  appears  in  situ,  forming  a 
craggy  ridge,  bearing  N.  W.  and  S.  £.  This  rock, 
in  the  vicinity  of  the  church,  is  said  to  contain  veins 
of  asbestus,  but  I  did  not  observe  any. 

In  the  valley  immediately  N.E.  of  St.  Cleer,  which 
extends  up  to  the  granite  hills,  are  some  immense 
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masses  of  compact-felspar,  (162.)  very  crystalline  in 
texture,  and  nearly  as  hard  as  quartz:  they  are 
only  slightly  corroded  on  the  surface  by  the  action  of 
the  elements.  Whether  they  form  the  out-crop  from 
a  stratum  beneath  the  mound  on  which  they  rest, 
or  whether  they  are  diluvial,  is  not  apparent :  the 
latter  appears  to  be  more  probable ;  but  their  native 
bed  cannot  be  far  distant,  for  the  adjoining  horn* 
blende-rocks  are,  without  doubt,  intermixed  with  lay- 
ers of  compact-felspar,  as  in  other  parts  of  Cornwall. 
As  you  ascend  the  granite  at  Downhill,  about  a 
mile  north  of  St.  Cleer,  the  moor  is  covered  with 
bowlders  of  (163.)  a  beautiful  snow  white  quartz. 
The  first  granitic  rock  (164.)  which  is  found  in  situ, 
contains  a  larger  portion  of  shorl  than  is  common 
in  this  district;  the  mica  being  also  in  the  usual 
proportion.  Towards  the  top  of  the  hill  is  a  fine- 
grained granite^  (165.)  in  which  the  ingredients  of 
the  former  are  so  intimately  united,  as  to  form  a 
granular  basis,  having  imbedded  crystals  of  flesh-> 
Mloured  felspar.  Coarse  layers  also  occur,  (166.) 
containing  more  quartz,  shorl,  and  mica,  than  felspar. 
And  quartz  veins  also  abound,  from  which  the  bowl- 
ders. No.  163,  were  probably  derived.  On  Carraton 
Hill  are  several  extensive  excavations,  the  remains 
of  old  workings  for  tin :  and  near  one  of  these  is 
an  abandoned  mine.  Judging  from  the  fragments 
around,  and  from  a  few  shallow  excavations  at  the 
surface,  the  mine  is  situated  in  a  fine-grained  granite, 
the  upper  part  of  which,  for  a  considerable  depth, 
IB  partially  decomposed,  being  of  a  reddish  brown 
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colour,  and  porous ;  not  unlike  some  kinds  of  brick. 
This  rock  (167.)  is  derived  from  a  very  compact 
granite,  (168.)  consisting  of  minute  grains  of  red 
felspar  and  quartz,  with  a  greenish  mineral  resem- 
bling hornblende:  this  rock  is  similar  to  that  of 
No.  122,  which  occurs  as  an  elvan-^ourse  imbedded 
in  the  slate  at  Kernick.  The  lode  of  this  mine  is 
quartz,  the  greater  part  of  which  is  intimately  com- 
bined with  shorl,  producing  a  dark  coloured  rock, 
(169, 170.)  such  as  is  common  in  those  parts  of 
Cornwall,  where  this  mineral  abounds ;  and  which 
will  be  more  particularly  noticed  in  the  chapter  on 
the  central  district. 

From  Carraton  Hill  to  Kame  Hrad. 

Descending  from  Carraton  Hill,  and  proceeding 
southward,  the  granite  is  left  near  Newton:  and 
between  the  latter,  and  a  place  about  a  half  a  mile 
south  of  Rosecradock,  the  same  kind  of  rock  occurs 
as  around  St.  Cleer.  The  hornblende-slate  (171.)  at 
Rosecradock,  is  of  a  blue  colour,  and  very  fine- 
grained; separates  into  thick  rhomboidal  lamina; 
dips  S.  E.,  at  about  30^.,  and  contains  beds  of  com- 
pact*felspar.  No.  172. 

At  Trengove,  about  a  mile  south  of  Rosecradock, 
the  slate  (173.)  is  more  granular :  its  constituent  parts 
appear  to  be  the  same  as  those  of  the  last  mentioned 
rocks,  though  in  somewhat  distinct  concretions. 

Near  Pengover,  on  the  road  between  Liskeard 
and  Callington,  about  one  mile  and  half  from  the 
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former,  the  rock  (174.)  is  a  kind  of  greenstone,  con- 
taining numerous  minute  facets  of  calcareous  spar. 

This  is  near  the  spot,  where  the  Reverend  Canon 
Rogers  has  informed  the  Society  that  limestone 
occurs.  I  did  not  observe  this  rock :  but  from  the 
intermixture  of  carbonate  of  lime  in  No.  174,  it  is 
very  probable  that  it  may  exist  there;  I  should, 
however,  have  liked  much  to  have  been  able  to 
decide  this  matter,  on  account  of  its  position  with 
regard  to  the  serpentine  about  to  be  noticed :  for 
although  I  have  often  seen  carbonate  of  lime  in  the 
strata  inferior  to  serpentine,  I  have  not  detected 
limestone  in  such  a  situation. 

From  Pengover  to  Clicker  Tor,  the  only  kind  of 
rock  exposed  is  hornblende-slate,  like  No.  156,  which 
is  quarried  for  a  building-stone.  The  massive  rock 
that  forms  the  hill  of  Clicker  Tor  is  serpentine.  It 
(175, 176.)  in  a  perfect  state,  is  of  a  dark  bottle- 
green  colour  almost  approaching  to  black :  and  when 
closely  viewed,  it  is  found  to  be  spotted  with  greenish 
white  particles  which  are  softer  than  the  other  part 
of  the  mass,  and  somewhat  resemble  steatite.*  It 
is  traversed  by  numerous  veins  and  patches  of 
amianthoid  asbestus,  (177.)  which  is  beautifully  white 
and  very  silky.  At  the  joints,  this  rock  is  frequently 
of  a  bright  green,  smooth  and  glossy,  owing  to  a  thin 
layer  of  common  asbestus  (178.)  being  interposed. 

I  could  not  find  this  rock  in  contact  with  any 
other;  nor  could  I  ascertain  its  extent:  but  it  is 

*    The  Rev.  Mr.  Gregor  gives  it  as  his  opinion  that  this  substance  is 
compact  tremoUte*    Trans.  Geo.  Soc.  of  London.  Vol.  III.  p.  400. 
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probable  tbat  the  peculiarly  formed  hill  in  which  it 
occurs,  marks  the  limits  of  this  formation. 

On  descending  the  hill  to  Buckapit  Bridge,  about 
a  mile  from  Clicker-Tor,  the  road  is  cut  down 
through  a  friable  glossy  slate  (179.)  of  a  fawn  colour, 
which  is  in  a  state  of  partial  decomposition.  And 
about  a  quarter  of  a  mile  farther  south,  on  the  oppo- 
site side  of  the  valley,  a  coarse  calcareous  schist 
(180.)  is  quarried  as  a  hedging  stone :  on  the  surface 
of  the  laminae  it  is  of  a  dark  blue,  with  a  resinous 
gloss,  and  bespangled  with  very  minute  particles, 
having  the  appearance  of  mica ;  the  fracture,  in  the 
direction  of  these  laminae,  is  wavy  and  irregular ;  the 
cross  fracture  is  shattery  and  splintery,  and  of  a  light 
bluish  grey  colour,  and  the  texture  is  like  that  of 
limestone :  it  effervesces  strongly  in  diluted  acids. 

About  ten  miles  from  Tor  Point,  near  a  place 
called  Tinker*s  Lake,  is  a  roofing  slate  quarry.  This 
slate  (181.)  is  dark  blue,  and  the  surface  of  the 
laminae  is  not  quite  smooth,  but  imperfectly  fibrous ; 
the  cross  fracture  is  of  the  same  colour  and  earthy. 
This  stratum,  like  the  preceding,  dips  a  little  east 
of  south,  at  an  angle  of  30^. 

In  the  hill  from  thence,  about  half  a  mile  nearer 
Tor  Point,  a  massive  rock  (182.)  occurs,  the  com- 
position of  which  is  curious :  its  base  is  of  a  dark 
grey,  and  finely  granular,  in  which  are  imbedded 
globules,  varying  in  size  from  that  of  a  pea  to  that 
of  snipe-shot;  internally  they  are  white,  but  are 
slightly  coated  outwardly  with  a  greenish  substance 
which  is  much  softer  than  the  other  part    These 
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globules  have  much  the  appearance  of  quartz,  but 
though  hard  they  yield  to  the  knife :  they  do  not 
^ervesce  with  acid.  This  rock  is  not  unlike  that 
of  Grampound,  which  resembles  greywacke  more 
than  any  other  Cornish  rock,  with  the  exception  of 
the  conglomerates  at  the  Nare. 

A  little  farther  south,  a  dark  blue  glossy  slate  (183.) 
succeeds :  it  separates  easily  into  thick  rhomboidal 
laminae,  which  are  again  fissile  into  thin  leaves ;  but 
these,  on  account  of  the  numerous  joints  by  which 
they  are  intersected,  are  not  continuous  enough  to 
form  roofing  slates.  A  massive  rock  (184.)  appears 
to  exist  in  this  slate,  as  it  is  abundant  in  the  hedges, 
and  on  the  "toad-side ;  but  I  did  not  see  it  in  situ  : 
it  is  a  kind  of  greenstone,  having  a  more  granular 
texture  than  the  basis  of  No.  182. 

About  nine  miles  from  Tor  Point,  near  Trerule 
Foot,  is  an  extensive  limestone  quarry ;  where  the 
stone  is  raised  in  large  blocks,  which  are  traversed 
by  numerous  veins  of  calcareous  spar.  This  lime- 
stone (185, 186.)  is  of  a  dark  blue  colour,  and  very 
glittering,  owing  to  the  numerous  resplendent  facets 
of  calcareous  spar  disseminated  throughout  the 
mass ;  it  is  compact,  and  verj  hard :  it  is  burnt  into 
lime  on  the  spot,  the  quality  of  which  appears  to  be 
good.  The  rock  (187.)  on  each  side  of  this  lime- 
stone, is  the  same  kind  of  blue  slate  as  Na  183 :  and 
is  more  or  less  calcareous  according  to  its  proximity 
to  the  limestone. 

Similar  kinds  of  calcareous  slate  (188, 189.)  are 
met  with  about  ^ght  miles  from  Tor  Point,  near 
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where  the  road  turns  off  to  St.  Germans.  At  Pol- 
vathic,  about  one  mile  farther  south  than  the  last,  is 
a  compact  rock,  (190.)  of  which  quartz,  or  rather 
silica^  appears  to  be  the  predominant  ingredient^ 
intimately  blended  with  the  matter  of  the  adjacent 
argillaceous  slate. 

From  this  place  to  Tor  Point  only  one  kind  of 
slate  (191.)  is  exposed  to  view ;  and  this  is  generally 
in  such  an  altered  state,  that  its  nature  is  very 
obscure :  it  also  contains  compact  rocks  (192,  193.) 
at  Polscove,  similar  to  No.  190,  but  more  disinte- 
grated^ and  stained  by  oxide  of  iron ;  and  at  Anthony 
the  compact  rock  (194.)  only  differs  from  the  last  in 
being  of  a  lighter  colour  and  more  granular. 

At  Crimble  Point,  (the  most  northern  part  of 
Mount  Edgcumbe,)  is  a  crystalline  limestone  (195.) 
which  is  mottled  and  veined  with  flesh-coloured 
calcareous  spar.  From  its  position,  it  is  probably  a 
continuation  of  the  same  stratum  that  is  so  exten- 
sively quarried  on  the  eastern  side  of  the  harbour, 
and  which  abounds  in  organic  remains.  I  regret 
that  I  was  not  able  to  ascertain  the  nature  of  its 
connection  with  the  adjoining  strata. 

Following  the  coast  southward,  a  grey  coloured 
slate  (196.)  first  presents  itself,  and  is  succeeded  by 
a  massive  rock^  of  which  there  is  a  fine  section  in 
Edgcumbe-hill  as  far  as  Redding  Point :  and  the 
shore  throughout  this  space,  is  covered  with  massive 
blocks  and  bowlders  of  the  same  rock,  derived  from 
the  destruction  of  the  adjacent  cliff.  It  is  not  easy 
to  determine  the  bearings  of  these  strata ;  for  in 
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some  parts  they  appear  to  dip  east  of  south ;  and 
in  others,  west  of  south ;  and  ahout  midway  the 
inclination  seems  to  be  to  the  north  west,  passing 
immediately  under  Mount  Edgcumbe.*  This  dis- 
cordance is  probably  only  apparent ;  for,  as  has  been 
often  remarked,  the  strata  are  always  more  or  less 
curved,  and  traversed  by  a  tbree*fold  set  of  joints 
or  seams :  so  that  it  is  very  difficult,  more  especially 
when  the  massive  and  slaty  rocks  are  not  seen  in 
contact,  to  decide  which  of  the  exposed  parallel 
surfaces  indicate  the  direction  of  the  strata. 

These  rocks  of  Edgcumbe*  both  schistose  and 
compact,  are  of  the  same  nature  as  those  already 
noticed  between  Polvathic  and  Tor  Point :  but  as 
they  are  better  displayed  here,  they  merit  a  more 
minute  description.  The  most  perfect  layers  of  the 
compact  rock  are  of  an  iron-grey  colour,  (197, 198.) 
of  a  fine  granular  texture,  crystalline  and  very  hard : 
this  rock  is  composed  apparently  of  silica  with  a 
portion  of  an  argillaceous  mineral,  which  is  probably 
a  kind  of  granular-felspar;  and  contains  a  black 
mineral,  in  the  form  of  minute  crystalline  spieula^ 
sparingly  scattered  here  and  there,  which  looks  like 
hornblende ;  but  whatever  it  may  be,  it  is  without 
doubt  the  colouring  ingredient  of  this  rock.    Some 

of  the  layers  (199,  200.)  are  much  softer  than  the 

• 

*  Dr.  Berger  states  that  these  strata  ''  dip  S.  S.  E.,  at  an  angle  of  about 
05  or  70  degrees,  which  is  nearly  the  same  as  that  of  the  limestone  cliffs  of 
Plymouth  Harbour/'  Trans.  Geo.  Soc.  Vol.  I .  p.  114.  The  Rev.  R.  Hennahy 
however,  observes  that  the  position  of  nearly  all  the  stratified  rocks  in  this 
Beigfabonrhood  is  from  N.  W.  to  S.  £.,  dipping  towards  the  S.  W.  Idem. 
Vol.  IV.  p.  410. 
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last ;  and  are  partially  decomposed,  owing,  perhaps, 
to  the  felspar  heing  in  a  larger  proportion :  they  are 
of  a  deep  red,  speckled  with  white  spots ;  and  these 
coloured  parts  (201.)  are  sometimes  arranged  in 
distinct  stripes.  The  red  portion  of  these  strata  may 
he  seen  in  the  various  stages  of  cohesion,  from  that 
of  a  hard  rock  to  a  state  so  soft,  that  it  will  crumble 
under  the  pressure  of  the  hand. 

These  rocks  may  therefore  be  composed  of  felspar, 
quarts  and  hornblende,  or  an  analogous  mineral; 
differing  only  from  the  greenstone  that  occurs  farther 
north  (nearer  the  granite)  at  Saltash  and  St*  Germans, 
in  abounding  more  in  quartz  than  hornblende.  Their 
layers  assume  various  characters  according  to  the 
proportion  in  which  the  constituents  are  blended 
together :  thus,  those  that  are  quartzose,  are  but 
slightly  affected  by  the  elements ;  whilst  those,  in 
which  felspar  abounds,  are  more  susceptible  of  decay : 
the  colour  of  the  disintegrated  mass  depends  on  the 
proportion  of  the  hornblende ;  and,  according  to  the 
mode  in  which  this  mineral  is  distributed  arises  the 
spotted  and  striped  appearances  of  this  rock. 

From  Redding  Point  to  the  village  of  Cawsand, 
the  cliffs  and  sea-shore  only  exhibit  a  red  sandstone^ 
(202.)  which  is  generally  considered  to  be  an  argilla- 
ceous variety  of  the  old  red  sandstone. 

From  Cawsand  to  Rame  Head,  the  cliffs  are  com- 
posed of  alternate  layers  of  slate,  (203,  204.)  and  of 
compact  quartzose  rocks,  (205,)  the  same  as  those  of 
Mount  Edgcumbe ;  some  of  the  schistose  strata  are 
of  a  red  colour,  and  others,  of  a  greenish  grey ;  but 
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in  other  respects,  they  are  apparently  of  the  same 
nature.  The  three  last  specimens  were  obtained  at 
Penlee  Point,  where  the  laminae  of  the  slate  are 
perpendicular :  but  these  are  traversed  by  joints  that 
incline  to  the  west  of  south,  at  about  45^.,  and  which 
may,  therefore,  be  the  true  direction  of  the  stratum. 
Such  are  the  rocks  that  present  themselves  be- 
tween the  granite  and  the  Rame  Head.  Throughout 
this  tract  the  different  rocks  cannot  often  be  seen  in 
contact  with  each  other,  and  therefore  the  nature  of 
their  connection  cannot  be  decidedly  pronounced : 
but  judging  from  the  few  opportunities  that  do 
occur,  and  from  the  gradation  that  exists  in  their 
mineral  composition,  it  appears  to  be  very  probable 
that  all  these  rocks  are  of  contemporaneous  origin, 
with  the  exception  of  the  sandstone  at  Cawsand, 
and  also,  perhaps,  of  the  limestone  at  Crimble 
Point  which  is  said  to  be  a  continuation  of  that  of 
Plymouth.  It  may  be  objected  to  the  first  excep- 
tion, that  the  red  sandstone  exactly  resembles  the  de- 
composing part  of  the  quartzose  rock  of  Edgcumbe, 
through  which  it  is  connected  with  the  series  of  rocks 
ascending  to  the  granite :  but  this  resemblance  only 
shews  that  the  sandstone  has  been  formed  from 
the  debris  of  these  quartzose  rocks,  which  has  under- 
gone little  alteration  in  its  composition,  because  it  has 
not  been  transported  fsur  from  its  source.  Concerning 
the  limestone  I  have  no  remark  to  make,  because 
I  could  not  ascertain  its  relations  to  the  rocks  at 
Edgcumbe ;  but  should  it  prove  on  farther  exami- 
nation to  be  contemporaneous  therewith,  and  also 
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of  derivative  origin  with  imbedded  remains,  then  it 
will  be  important  to  enquire  how  far  this  formation 
extends.  Many  have  contended  that  the  whole  of 
the  calcareous  series  as  far  as,  and  even  including,  the 
serpentine  of  Clicker,  is  secondary :  if  it  be  so,  the 
connection  between  the  latter  and  the  granite,  by 
successive  transitions,  shew  that  the  latter  rock  must 
also  be  of  the  same  fonnation. 

In  offering  these  remarks  I  feel  it  incumbent  on 
me  to  repeat,  that  my  survey  of  this  part  of  the 
country  was  not  so  extended,  as  the  importance  of 
the  subject  required :  it  is,  therefore,  to  be  hoped  that 
the  Members  of  the  Plymouth  Institution  will  con- 
tinue this  enquiry,  until  it  is  successfully  elucidated. 

From  Tor  Point  to  Calstock  and  Calungtov  : 

AND  THBNCB  TO  FlVK  LaNBS. 

The  same  kind  of  slate,  that  prevailed  between 
Anthony  and  Tor  Point,  skirts  the  shore  from  the 
latter  to  the  mouth  of  the  Lynher  river :  as  may  be 
seen  in  No.  206,  from  Gravesend  Point;  and  in 
No.  207,  from  a  projecting  rock  a  little  south  of 
Saltash.  The  slate  around  Saltash  is  said  also  to 
contain,  as  at  St.  Germans,  beds  of  greenstone,  of 
limestone,  and  of  calcareous  schist ;  but  I  did  not 
meet  with  these  rocks.* 


•  «  There  iSy"  mjb  Dr.  Berger, "  at  Peter  Point  in  St.  John's  Creek,  very 
near  Tor  Point,  a  bed  of  greenstone,  in  the  composition  of  which  there  is  * 
good  deal  of  steatite,  completely  included  in  the  grej/woM.  Aad  not  far  fiov 
this  place  on  the  banks  of  Lynher  Creek,  there  is  another  bed  of  greenstone: 
it  is  immediately  adjoining  the  feny.    This  bed  extends  Irom  one  bask  to  the 
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the  Tamar,  at  Cargreen  Point  the  slate 
(208.)  is  of  the  same  nature  as  the  last ;  but  the 
laDiinae  are  rather  more  contorted,  and  striated. 

At  Pentilly^  the  slate  (209.)  breaks  into  thicker 
and  shorter  laminae,  which  are  not  fissile  like  the 
Receding :  it  is  of  a  fawn  colour,  and  has  the  gloss 
of  the  calc-schists,  but  does  not  effervesce  with  acid : 
it  has  the  appearance  of  having  undergone  a  partial 
decomposition,*  in  which  state  these  slates  are  often- 
times deprived  of  their  carbonate  of  lime. 

On  arriving  at  Cotele,  near  the  landing-place,  is 
a  little  quarry  close  to  the  water-side  amongst  the 
trees,  the  stone  of  which  is  much  prized  as  a  fire- 
atone  for  lining  kilns,  ovens,  &c.  It  (210.)  is  of  a 
light  dove  colour,  and  very  glossy ;  it  is  raised  in 
tinck  somewhat  rhomboidal  slabs,  which  may  again 
be  divided  into  thinner  laminae:  in  acids  it  effer- 
vesces very  violently. 

A  few  fathoms  farther  up  the  river  this  calcareous 
schist  is  succeeded  by  a  slate  (211.)  which  rises  per- 
pendicular out  of  the  water,  and  being  luxuriantly 

other;  and  on  the  right  or  south  aide  of  the  creek,  there  is  a  large  quarry  of  it 
Very  remarkable  differences  may  be  obserred  in  the  texture  of  the  greenstone, 
tiMnq^  the  specimenB  be  taken  from  the  same  bed.  The  base  is  sometimes  ao 
cloee,  so  homogeneous,  that  single  unconnected  specimens  of  it  might  pass  for 
cerMMW  ir^  with  pyrites  dispersed  through  it :  other  specimens,  however, 
taken  quite  close  to  the  preceding,  are  of  a  composition  and  grain  between  that 
of  corneous  trap  and  greenstone :  these  are  in  my  opinion  sufficient  reasons  for 
oompcdiending  all  the  Tarieties  of  this  substance,  under  the  common  denomina- 
lioa  of  greenstone.*'  Transactions  of  the  Geol.  Soc.  Vol.  I.  p.  115.  **  Near 
Saitash,"  observes  Mr.  Prideauz,  *^  we  have  on  both  sides  of  the  river  beds 
of  granular  ipreywack^  pervading  the  slate,  and  a  few  thin  beds  or  veins 
of  limestone ;  and  this  alternation  continues  on  the  east  bank  down  to  the 
Dock-yaid,  where  the  limestone  formation  commenoes."  Transactions  of  the 
Plymouth  Institution,  Vol.  I.  p.  28. 

E  E  2 


220  Dr.  B0A8B,  an  the  Eastern 

clothed  with  wood^  becomes  a  prominent  feature 
in  this  picturesque  scenery.  At  Calstock,  the  rock 
(212.)  is  the  same  kind  of  slate  as  the  last,  dipping 
a  little  east  of  south  at  about  30^. 

About  half  a  mile  from  the  last  place,  on  the  road  to 
Callington,  the  slate  gradually  becomes  of  a  darker 
blue ;  and  a  little  farther  on,  near  Alberson,  the  soil 
becomes  of  a  reddish  brown,  and  the  rock  (213.)  is  a 
glossy  hornblende-slate.  Near  the  fourth  mile-stone 
from  Callington,  ascending  to  Kingston  Down,  the 
slate  (214.)  presents  itself:  it  is  difficult  to  name 
this  rock,  notwithstanding  it  is  of  frequent  occur- 
rence in  Cornwall,  and  indicates  the  immediate  vici«* 
nity  of  granite.  It  evidently  consists  for  the  most 
part  of  felspar,  intermixed  with  some  mineral  which 
imparts  a  blue  colour,  and  a  micaceous  glimmering 
lustre :  this  substance  oftentimes,  as  the  granite  is 
approached,  increases  in  quantity,  and  then  the  slate 
appears  to  be  a  variety  of  micaceous  schist,  or  rather 
a  felspar-slate  interlaminated  with  mic^ 

At  Kingston  Down,  a  patch  of  granite  occurs 
which  is  of  no  great  extent,  being  only  about  four 
miles  in  length ;  and  a  mile,  or  a  mile  and  a  half,  in 
breadth :  it  runs  east  and  west  from  a  little  above 
the  Tamar  at  the  tveir-head,  to  within  half  a  mile 
of  Callington.  In  dividing  the  county  into  dis7 
tricts,  according  to  the  four  large  groups  of  granite, 
this  of  Kingston,  as  well  as  the  still  smaller  one  of 
St.  MichaeVs  Mount,  were  not  mentioned,  as  they 
may  be  considered  as  subordinate  thereto.  But  this 
arrangement  must  be  considered  as  purely  artificial. 
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and  solely  for  the  convenience  of  description ;  for  the 
Hingston  granite,  in  its  geological  relations,  is  per- 
fectly analogous  to  that  which  forms  the  respective 
centres  of  the  adopted  districts. 

The  eastern  side  of  the  Hingston  granite  is  exten- 
sively quarried,  to  within  a  short  distance  of  the 
summit  of  Kit  Hill,  the  most  elevated  part  of  this 
range.  In  the  upper  part  of  these  quarries,  the 
granite  is  diyided  into  quadrangular  masses  by  dis- 
tinct and  somewhat  open  joints,  at  which  it  is  some- 
what discoloured  by  a  partial  decay:  but  as  the 
quarries  deepen  the  stone  becomes  perfect,  and  the 
joints  are  no  longer  visible,  though  the  rock  still 
separates  into  regular  layers  which  are  inclined 
towards  the  south.  The  granite  (215,  216,  217.)  is 
of  the  same  composition  as  that  of  the  Brown-Willy 
range :  and  like  it,  is  traversed  by  beds  of  fine-grained 
granite,  (218.)  and  by  large  quartz  veins  frequently 
abounding  in  shorl,  and  sometimes  (219.)  with  mica ; 
blocks  of  the  latter  variety  are  abundantly  scattered 
on  the  summit  of  the  hill. 

Descending  towards  Callington,  the  side  of  the 
hill  is  covered  with  shallow  pits  and  trenches,  appa- 
rently made  in  search  of  lodes ;  by  means  of  these 
excavations  the  slate  (220.)  is  seen  to  ascend  within 
a  short  distance  of  the  top  of  the  hill ;  No.  221,  from 
about  one  third  of  the  way  from  the  summit ;  No. 
292,  from  about  half-way ;  and  No.  223,  from  near  the 
foot  of  the  hill : — all  these  are  the  same  kind  of  slate, 
but  are  in  different  stages  of  decay  from  exposure 
to  the  air ;  No.  220,  nearest  the  granite,  is  rather 
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more  micMeous  than  the  others,  and  No.  223,  the 
most  remote,  is  glossy,  but  the  imbedded  mineral  is 
not  in  spangles,  but  in  the  form  of  minute  spicula 
for  the  most  part  decayed,  and  of  a  rust  colour ; 
and  are  probably  derived  from  hornblende  or 
shorL  This  rock  on  the  border  of  the  down 
passes  into  an  uniform  light  blue  slate  (224.) ;  and 
a  little  farther  on,  near  the  turnpike,  hornblende* 
slate  (225.)  prevails,  ccmtaining  beds  of  compact- 
homblende-rock  (226.);  and  these  two  kinds  con- 
tinue to  Callington.  From  the  latter  place  westward, 
the  slate  contains  less  hornblende ;  and  decomposing 
becomes  of  a  yellowish  white,  resembling  the  rock 
around  Liskeard : — No.  227,  is  from  New  Bridge ; 
and  No.  228,  from  Thornton,  about  a  mile  from  St. 
Ive.  At  the  latter  place  the  rock  (229.)  has  the 
appearance,  at  first  sight,  of  a  very  fine-grained  com- 
pact greenstone ;  but  it  contains  numerous  shining 
facets,  which  are  soft  and  eiBfervesce  with  acids :  it 
is  not  unlike,  though  more  compact  and  crystalline, 
the  rock  at  Pengover  already  noticed :  and  as  these 
rocks  all  dip  a  little  east  of  south,  and  are  on  the 
same  line  of  bearing,  they  form,  perhaps,  part  of 
the  same  stratum. 

Going  towards  the  granite,  the  proportion  of  horn- 
blende in  the  rocks  appears  to  increase ;  the  slate  is 
of  a  deeper  colour,  and  the  soil  resulting  from  its 
decomposition  is  redder.  Nos.  230, 231,  about  half- 
way to  the  granite,  which  (232.)  makes  its  appearance 
a  mile  and  a  half  north  west  of  St.  Ive.  Thence  back 
to  the  Hingston  granite  is  about  four  miles :  the 
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first  rock  that  presents  itself  on  the  nearest 
is  a  hornblende-slate^  (233.)  and  the  same  con- 
tinues to  Colbom  Down,  where,  judging  from  the 
appearance  of  the  sur&ce,  and  the  immense  number 
of  square  masses  of  quartz  (collected  from  part  of 
the  down,  recently  brought  into  cultivation,  to 
form  hedges)  the  subjacent  rock  must  greatly  abound 
in  quartz  veins ;  these,  however,  are  not  pure  quartz; 
but  contain  patches  of  slate,  and  is  also  intimately 
blended  with  the  same.  This  down  almost  touches 
that  of  Kingston ;  and  on  the  western  border  of 
the  latter  are  several  old  mines :  from  the  shaft  of 
one  of  these,  a  pale  bluish  white  slate  (234.)  was 
obtained ;  and  also  a  decomposing  felspar  porphyry 
(235.) :  the  rubbish  around  the  shaft  contains  quartz 
veins  with  copper-pyrites  and  galena.  I  was  in- 
formed, on  the  spot,  that  tin-stone  was  also  raised 
here :  that  this  and  the  copper-ore  were  in  east  and 
west  lodes,  the  lead  in  centres  ;  and  that  the  ehan- 
course  also  lies  east  and  west,  and  ran  to  MU,  travers- 
ing the  granite.  More  particular  information  I  could 
not  obtun;  but  it  would  be  very  interesting  on  ac- 
count of  the  position  of  the  granite,  and  of  the  lodes. 
From  Callington  to  Five  Lanes,  all  the  rocks  that 
I  met  with  were  compounds  of  hornblende  and 
felspar ;  sometimes  the  latter  mineral  formed  the 
greater  part  of  the  mass ;  but  the  former  never 
amounted  to  such  a  proportion  as  to  merit  the  name 
of  hornblende-rock.  They  may  be  considered  as 
varieties  of  greenstone. — No.  236,  from  Taylor's  shop, 
two  miles  and  a  half  from  Callington :  Nos.  237, 23S^ 
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from  the  road-side,  about  half-way :  Nos.  239,  240, 
from  Coade's  green :  Nos.  241,  242,  from  Congdon's 
shop :  No.  243,  from  a  quarrj  about  two  miles  and 
a  half  from  No.  244,  at  Five  Lanes. 

From  Brown-Willt  to  Launcbston. 

The  high-road  from  Bodmin  to  Launceston  leaves 
the  granite  about  half  a  mile  before  you  come  to 
Trewint:  at  the  latter  place,  is  a  quarry  by  the 
road-side,  where  beds  of  massive  felspar-rock  are 
exposed  to  view,  dipping  N.  E.,  at  an  angle  of  15o. 
Some  of  these  (245.)  consist  entirely  of  white  com- 
pact-felspar ;  but  others,  (246.)  are  composed  of  the 
same  mineral  intimately  combined  with  hornblende, 
forming  a  variety  of  greenstone,  like  that  at  Pen- 
carrow,  and  other  places  near  this  patch  of  granite* 

Greenstones,  both  compact  and  schistose,  prevail 
between  Trewint  and  PoUaphant.  Descending  the 
hill  to  the  latter  place,  numerous  massive  blocks 
protrude  on  each  side  of  the  road,  which  (247.)  are 
composed  of  felspar  and  hornblende  distinctly  aggre- 
gated, forming  a  kind  of  sienite,  similar  to  that, 
already  described,  as  occurring  at  Davidstow :  the 
upper  part  of  this  hill  is  barren  and  rocky,  and  runs 
northward  from  hence,  parallel  with  the  little  river 
Inny ;  to  the  banks  of  which  its  descent  is  precipitous. 

Having  learnt  that  a  free-stone  of  superior  quality 
was  formerly  quarried  in  this  neighbourhood,  I 
visited  the  spot  which  is  about  half  a  mile  from  the 
high-road.    This  stone  (248.)  is,  in  colour,  interme- 
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diate  between  greenish  and  iron  grey ;  it  is  compact 
and  very  tough,  but  so  soft  as  to  yield  readily  to  the 
nail,  and  has  the  peculiar  soapy  feel  of  magnesian 
minerals ;  it  is  capable  of  being  turned  on  the  lathe, 
and  of  receiving  a  good  polish :  in  short,  it  appears 
to  be  potstone,  the  lapis  oUaris  of  the  ancients ;  and 
it  is  a  curious  circumstance,  that  several  kinds  of 
vessels  of  this  stone  were  lately  discovered  under  the 
rubbish  of  an  abandoned  quarry,  about  a  quarter 
of  a  mile  north-west  of  this  place ;  these  were  de- 
scribed to  me,  as  resembling  pipkins  KaA  frying  pans  ^ 
but  in  fashion  different  from  those  now  in  use.  The 
oldest  inhabitant  of  this  neighbourhood  has  no  re- 
collection of  this  quarry  having  been  worked. 

Lewanick  church,  and  several  houses  in  its 
vicinity  are  built  of  this  stone :  and  it  is  said  that 
Ensleigh  Cottage,  a  seat  of  the  Duke  of  Bedford,  is 
also  constructed  of  the  same  material.  The  facility 
with  which  this  stone  is  worked,  being  readily  cut 
into  blocks,  when  first  raised,  even  by  a  common 
handsaw ;  and  the  little  labour  required  to  give  it  a 
polish,  are  certainly  valuable  properties :  but  the 
appearance  of  the  loose  fragments  about  the  quarry 
indicate  that  this  stone  is  very  liable  to  decomposi- 
tion on  exposure  to  the  air,  becoming  (249.)  full  of 
rust-coloured  spots,  which  arc  derived  from  a  variety 
of  diallage  metalloide,  which  is  disseminated  through- 
out the  rock  in  the  form  of  crystalline  scales. 

This  quarry  is  not  constantly  worked,  as  the 
demand  for  the  stone  is  not  great,  in  consequence 
of  a  long  and  expensive  land-carriage. 

VOL.  IV.  F  p 
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The  workmen  informed  me  that,  according  to 
tradition,  native  silver  had  been  found  in  this  rock ; 
and  pointed  out  an  irregular  crevice,  about  ten  feet 
long  by  one  in  width,  as  the  place  from  which  it  had 
been  extracted.  This  possibly  may  be  correct,  for 
silver  has  been  obtained  from  rocks  of  this  nature. 

I  had  no  opportunity  of  ascertaining  whether  this 
oUareous  serpentine  formed  an  independent  stratum, 
or  an  imbedded  mass  in  the  hornblende-rocks. 

The  hill  on  the  opposite  bank  of  the  Inny  is  also 
steep ;  and  is  equally  interesting  to  the  geologist. 
The  first  rock  which  presents  itself  on  crossing  the 
stream,  is  a  dark  blue  coloured  and  glossy  slate  (250.) 
which  is  traversed  by  minute  veins  of  quarts,  imd 
resembles  No.  67,  from  Lesnewth.  On  the  side  of 
the  hill  at  Trenalt,  this  slate  is  succeeded  by  a  com- 
pact limestone,  (251.)  containing  large  veins  of  white 
crystalline  calcareous  spar,  (252.)  and  also  minute 
veins  of  the  same  mineral  associated  with  transpa- 
rent quartz.  Many  parts  of  this  rock  have  a  shining 
and  silky  lustre  derived  from  an  intermixture  of  talc : 
and  others,  (253.)  are  harder  and  more  brittle  (pro- 
bably from  a  larger  portion  of  silica  entering  into 
their  compositioui)  and  gradually  pass  into  horn- 
stone,  which  occur  in  the  form  of  imbedded  masses : 
throughout  this  rock  small  crystals  of  sulphuret  of 
iron  are  disseminated.  This  limestone  is  ext^isively 
quarried :  and  from  the  appearance  of  the  large  pile 
selected  for  calcination,  and  the  report  of  the  work- 
men, I  concluded  that  this  stone  would  make  very 
good  lime.    I  was,  therefore,  surprised  one  day  at 


District  of  Cornwall.  227 

meeting  two  carts,  marked '  Alternunn*  ascending  the 
hill  firom  the  port  of  Boscastle,  laden  with  lime  made 
from  the  Welch  limestone ;  and  on  asking  the  driver 
.the  reason  of  this,  I  was  informed,  that  the  superior 
quality  of  the  latter  more  than  compensated  for  the 
extra-carriage;  the  Trenalt  lime  containing  hard 
lumps  which  will  not  slake :  owing,  no  doubt,  to 
the  presence  of  talc  and  hornstone. 

Immediately  above  this  bed  of  limestone  is  a  grey 
calcareous  schist  (254.)  which  has  a  fine  texture  with 
a  shining  lustre,  and  effervesces  in  muriatic  acid. 
It  forms  the  connecting  link,  or  passage  from  the 
limestone  into  the  following  (256.)  light  coloured  slate 
which  is  very  fissile,  but  cannot  be  detached  in  large 
slabs,  in  consequence  of  the  numerous  natural  joints 
or  fissures  by  which  it  is  intersected.  All  these 
strata  dip  E.  N.  E.,  at  an  angle  of  about  dO^-  It  is 
worthy  of  remark,  that  the  slate  which  here  rests 
upon  the  limestone  resembles  that  which  occurs,  in 
the  same  position,  both  at  Trevivian  and  at  Grylls ; 
which  renders  it  probable  that  these  rocks  are  con- 
tinuous strata :  and  indeed  their  respective  bearings 
are  favourable  to  this  opinion;  for  although  the 
slate  at  Trenalt  inclines  more  to  the  eastward  than 
the  others,  yet  this  is  in  conformity  to  the  mass  of 
granite  which  forms  the  centre,  around  which  the 
other  rocks  appear  to  be  arranged. 

On  the  road  to  Launceston^  about  a  mile  weat  of 
the  town,  a  li^t  blue  slate  (256.)  occurs,  whieh  is 
▼ery  fissile ;  and  is  succeeded  by  a  more  massive  rock 
(257.)  whieh  has  a  granular  texture. 

FF  2 
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The  rock  (258.)  which  forms  the  Castle-hill  is 
more  slaty ;  as  is  seen  on  the  south  side,  immedi- 
ately under  the  Castle ;  where  the  strata  are  exposed, 
dipping  £.  N.  £.,  at  an  angle  of  30<>. ;  whilst  those 
of  No.  256,  do  not  exceed  an  angle  of  20^.  This 
great  inclination  will  in  some  measure  explain  the 
peculiar  form  of  the  Castle-hill,  particularly  the 
rapid  descent  towards  Newport  :  but  will  not  ac- 
count for  its  precipitous  state  on  the  southern  side, 
which  exhibits  a  cross  section  of  the  ends  of  the 
strata,  as  at  Forrabury,  and  elsewhere  on  the  north 
coast.  Some  may  attribute  this  to  an  elevation  of 
the  strata ;  others  to  a  subsidence  of  the  surround- 
ing country : — the  appearance  of  these  abrupt  and 
projecting  strata  certainly  seems  to  record  some 
great  convulsion  of  nature;  this  subject  is  very 
interesting,  but  being  somewhat  speculative,  its  con- 
sideration will  be  deferred  for  the  present. 

About  midway  between  Launceston  and  the  Tamar, 
a  bluish  coloured  slate  (259.)  presents  itself  by  the 
road-side :  it  is  of  the  same  nature  as  No.  256,  and  has 
also  the  same  dip  and  bearings,  viz.  E.  N.  £.,  at  20^. 

From  Brown-Willy  to  Widemouth  Bay: 
and  thengb  to  moorwinstow. 

The  granite  appears  to  continue  as  far  as  Shep- 
herd's house ;  but  this  is  not  certain,  as  the  junction 
is  concealed.  The  first  rock  that  occurs  in  situ  is 
a  slate  (260.)  at  Trevaglers ;  it  appears  to  contain 
hornblende,  but  is  so  much  decomposed  that  it  is 
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not  easy  to  form  an  opinion  of  its  composition. 
Near  Trevine  or  Trevinn,  where  a  rivulet  crosses 
the  road,  strata  of  limestone  jut  out  from  beneath, 
dipping  N.  £.,  at  about  25^  This  limestone  (261 .) 
is  similar  to  that  at  Grylls  and  Trethevy,  already 
described:  as  is  also  No.  262,  which  occurs  at 
Tremail,  on  the  road  to  Davidstow,  and  which  pro- 
bably forms  a  continuation  of  one  and  the  same  stra- 
tum. At  Trevivian  is  the  same  kind  of  slate  (263.) 
as  that  above  the  limestone  at  Grylls ;  and  which 
continues  to  Wilsey  Down.  The  whole  of  the 
country,  {between  St.  Cleather  church  and  that  of 
Davidstow,  consists  of  these  two  kinds  of  rocks. 
At  Treliegh  the  slate  (264,  265.)  has  the  same 
characters:  and  is  succeeded  by  rocks  similar  to 
those  of  Tresparret  Downs ;  which  continue  through 
the  parishes  of  Warbstow,  Jacobstow,  and  Week 
St.  Mary  : — as  is  shewn  By  the  following  specimens ; 
No.  266,  from  Wain  House  Corner,  near  Jacob- 
stow  ;  and  No.  267,  from  Treskinnick  Cross,  near 
Poundstock.  The  rocky  shores  of  Widemouth  Bay 
are  formed  of  the  same  kind  of  slate  and  compact 
rock,  as  at  Crackington  Cove ;  and  in  like  manner 
they  alternate  with  each  other,  the  compact  and 
more  durable  rock  forming  projecting  ridges.  The 
low  shores  of  this  bay  are  covered,  for  several  feet 
in  depth,  with  a  fine  shelly  sand.  A  little  farther 
north,  at  Bude,  the  sand-banks  are  of  much  greater 
extent;  and  very  much  resemble  those  at  Hayle. 
A  considerable  traffic  is  carried  on  with  this  sand, 
the  transport  of  which  forms  almost  the  only  employ- 
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ment  for  the  canal  which  runs  thence  to  the  neigh* 
bourhood  of  Launceston. 

The  little  creeks  of  Norcot,  Sandy  Mouth,  Duck- 
pit  and  Stanbury,  between  Bude  and  Moorwinstow, 
are  all  frequented  on  account  of  this  shelly  sand. 
All  the  cliffs  along  this  part  of  the  coast  are  formed 
of  rocks  similar  to  those  of  Crackington :  so  that 
specimens  from  one  of  these  places  will  be  sufficient ; 
and  those  of  Stanbury  Creek  (268,  269,  270.)  were 
selected,  as  occuring  near  Moorwinstow,  the  most 
northern  part  of  Cornwall.  Here,  the  cliffs  are  very 
interesting,  exhibiting  a  fine  example  of  the  curva- 
tures and  contortions  of  rocks ;  and  the  strata  are 
heaped  on  each  other  apparently  in  utter  confusion, 
dipping  towards  every  point  of  the  compass,  and  at 
various  degrees  of  inclination. 

From  Moorwinstow  to  Brey  Hill,  near 

Brown-Willy. 

Returning  southward,  near  the  borders  of  Devon- 
shire, the  whole  of  this  narrow  northern  part  of 
Cornwall  appears  to  be  composed  of  rocks  similar 
to  those  on  the  sea  coast.  The  specimens  were 
collected  as  follows : — No.  271,  on  the  road  from 
Stursdon  to  Kilkhampton ;  No.  272,  between  Strat- 
ton  and  Marham ;  No.  273,  near  Whitestone  church ; 
No.  274,  at  Tamarton;  No.  275,  about  half  way 
from  the  last  place,  on  the  road  to  Boyton ;  No.  276, 
at  Boyton;  and  No.  277,  at  Lady-^ross,  a  little 
north  of  Werrington.    All  of  these  are  hard  com- 


District  qf  CamwalL  331 

pact  rocks,  ivith  the  exception  of  No.  275,  which  is 
a  dark  coloured  slate  from  a  deep  trench  by  the 
road-side : — ^it  is  probable,  however,  that  the  latter 
rock  occurs  more  frequently  throughout  this  tract, 
and  that  it  alternates  with  the  others  as  on  the  sea- 
shore ;  but  the  reason  of  its  not  being  so  frequently 
exposed  as  the  compact  rock  is  owing  to  the  exca- 
vations, from  which  these  specimens  were  obtained^ 
having  been  made  on  these  compact  rocks  in  order 
to  procure  a  good  stone  for  repairing  the  roads* 

Near  Yeolm  Bridge,  on  the  north  west  of  Wer- 
rington  Park,  is  a  slate-quarry,  which  is  extensively 
worked:  this  slate  (278.)  is  different  from  any  of 
those  already  described ;  it  is  of  a  dark  colour,  like 
No.  275,  but  is  variegated  with  diagonal  stripes  of 
brown,  which  produces  a  good  effect  when  the  slate 
is  polished :  it  is  employed  for  chimney-pieces  and 
other  ornamental  purposes.  It  has  very  much  the 
appearance  of  the  calcareous  flag-stones  of  Devon ; 
and  on  being  thrown  into  diluted  muriatic  acid  it 
effervesces  for  an  instant,  indicating  the  presence  of 
carbonate  of  lime :  this  is  also  rendered  probable  by 
the  position  of  this  slate ;  for  immediately  on  it  rests 
a  bed  of  compact  limestone  (279.)  which  is  traversed 
by  numerous  veins  of  calcareous  spar.  These  strata 
are  exposed  to  view  for  about  one  hundred  yards  in 
length,  and  thirty  feet  in  depth,  so  that  they  can  be 
distinctly  seen  to  dip  N.  N.  W.,  at  an  inclination  of 
40®.  In  6reenough*s  Geological  Map  of  England 
tkese  rocks  are  laid  down  as  a  continuation  of  the 
series  belonging  to  the  Dartmoor  granite. 
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At  Egloskerry  the  rocks  are  massive,  of  an  uniform 
blue  colour  (280.)  and  are  varieties  of  hornblende- 
rock.  On  crossing  the  Attery  river  you  enter  on 
the  downs ;  a  continuous  chain  of  hills  which  cross 
the  county  in  the  direction  of  east  and  west,  from 
Launceston  to  the  Atlantic  Ocean.  1]*he  rocks  of 
this  range,  though  somewhat  different  in  appearance, 
are  of  the  same  nature,  consisting  of  compact-felspar 
and  hornblende  united  in  various  proportions ;  and 
of  which  the  following  are  specimens : — No.  281, 
from  St.  Stephens  Down,  which  is  hard  and  very 
brittle,  in  consequence  of  the  presence  of  quartz  in 
grains,  and  very  minute  strings  ;  No.  282,  from  the 
Race  Down  near  Trewithick ;  No.  283,  from  Red 
Down ;  No.  284,  from  Tregear  Down  (not  far  from 
Tresmeere)  it  is  in  a  decomposing  state,  cleaves 
readily  into  laminae  of  a  rhomboidal  form ;  its  strata 
dip  N.  N.  E.,  at  an  angle  of  20%  and  are  traversed 
by  horizontal  veins  of  quartz,  many  of  which  are 
hollow,  and  are  divided  into  numerous  compartments 
by  thin  septa  of  the  same  mineral,  some  perpendicu- 
lar, and  others  variously  inclined ;  and  lastly  No.  285, 
is  from  a  block  on  Laneast  Down. 

These  downs  are  very  interesting  in  an  economi- 
cal, as  well  as  in  a  geological  point  of  view  ;  for  they 
contain  extensive -deposits  of  the  ores  of  manganese. 
Many  of  these  have  been  explored,  and  have  been 
very  productive:  but  as  far  as  I  could  learn  the 
remuneration  to  the  adventurers  must  be  inconsider- 
able, in  consequence  of  the  low  price  of  this  article, 
and  the  heavy  expense  of  a  long  land-carriage  over 
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a  bad  and  hilly  road.  The  mine  of  Letcott  or  Litcot, 
situated  on  the  eastern  border  of  Laneast  Down,  is 
particularly  interesting;  it  has  been  worked  for 
many  years,  and  has  been  a  profitable  undertaking. 
The  present  workings  are  twenty  fathoms  deep, 
and  subject  to  a  considerable  influx  of  water ;  but 
as  the  mine  is  on  the  side  of  a  hill,  it  is  easily 
unwatered  by  a  pump  worked  by  a  water-wheel. 
The  ore  occurs  in  a  bed,  or  cross-bourse  of  capel, 
which  is  about  twelve  fathoms  in  width,  and  runs 
north-east  and  south-west :  and  which  (286, 287, 288.) 
consists,  for  the  most  part,  of  hard  siliceous  minerals, 
or  rather  of  varieties  of  compact-felspar,  in  which 
silica  predominates.  On  this  bed  the  manganese-ore 
(289.)  is  arranged  in  veins  and  bunches :  in  the  latter 
form  it  was  originally  discovered,  not  many  feet 
below  the  surface ;  and  in  such  a  large  body,  that  it 
was  obtained  at  a  very  trifling  cost  The  firmness 
of  the  capel  permitted  the  ore  to  be  followed  in  all 
its  ramifications,  without  needing  support :  and  the 
result  has  been  a  large  chasm,  the  irregular  and 
indented  sides  of  which  indicate  that  this  ore  is  of 
contemporaneous  origin  with  the  rock  in  which  it  is 
deposited. 

On  the  north  side  of  this  course,  next  to  the  vulley, 
the  strata  are  formed  of  a  greyish  speckled  slate  (290.) 
Uke  that  of  Hendraburnick :  and  on  the  other  side  the 
rock  is  hornblende-slate  (291.)  which  is  succeeded,  a 
little  farther  south,  by  rocks  similar  to  No.  247. 

Crossing  Laneast  Down  in  a  direct  line  to  the 
granite,  I  did  not  observe  any  intermediate  rock 
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in  situ;  though  it  can  hardly  be  doubted,  but 
that  schistose  rocks  do  exist  in  the  valley  between 
Laneast  church  and  Brey. 

Such  are  the  rocks  of  the  Eastern  District ;  and, 
with  the  exception  of  the  limestone  of  Crimble 
Point,  and  the  red  sandstone  of  Cawsand,  all  of 
these  appear  to  belong  either  to  the  granite  or  the 
slate  formation. 


CHAP.  II. 


ON  THE  GEOLOGY   OF  THE  CENTRAL  DISTRICT 

OP  CORNWALL. 


Tre  boundaries  of  this  District  are  readily  defined 
by  drawing  a  line  from  Wadebridge  to  Lostwithiel, 
so  as  to  connect  the  Harbours  of  Padstow  and 
Fowey;  and,  another  line  from  the  mouth  of 
Falmouth  Harbour  through  the  Truro-river  to  the 
Gannel  on  the  north  coast :  the  intermediate  space 
forms  the  Central  District,  and  comprises  nearly 
the  whole  of  the  Hundreds  of  Pyder  and  Powder. 
It  is,  therefore,  much  less  than  the  Eastern  one  in 
superficial  extent :  but  it  is  much  more  interesting 
to  the  geologist. 

The  central  district  contains  only  one  patch  of 
granite,  the  form  and  position  of  which  will  be 
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sooner  comprehended  by  the  Map,  than  by  any 
description.  The  eastern  portion  of  this  granite  is 
large-grained,  crystalline,  and  occasionally  porphy- 
ritic,  like  that  of  the  eastern  district ;  the  western, 
abounds  in  shorl,  and  contains  a  peculiar  granite 
which  is  extensively  disintegrated,  and  which  forms 
the  characteristic  feature  of  this  district.  It  is, 
therefore,  proposed  to  commence  near  St.  Stephens, 
where  this  rock  is  very  abundant. 

About  a  mile  north  of  this  village  the  granite  is 
entered  on  at  a  place  called  Step-aside ;  but  the  rock 
(292,  293.)  here  exposed  is  much  weathered.  Near 
Restowrick,  however,  about  a  mile  farther  north,  the 
granite  is  of  the  same  kind,  and  is  in  an  unchanged 
state.  It  (294.)  is  composed  of  the  usual  minerals ; 
— the  felspar  is  white,  with  a  light  tint  of  yellow, 
and  crystalline ;  the  quartz  is  in  large  grains,  white 
and  semi-transparent ;  and  the  mica  is  of  a  light 
brown  and  resplendent,  but  is  present  in  a  less 
proportion  than  is  common  even  in  cornish  granite. 
Near  the  last  mentioned  place  a  bed  (295.)  of  more 
compact  granite  occurs,  in  which  the  mica  is  want- 
ing, and  its  place  is  occupied  by  a  dark  coloured 
mineral,  with  a  tinge  of  purple  when  viewed  in  cer- 
tain positions.  Between  Step-aside  and  Restowrick, 
are  several  quarries  of  chin€hstane,  and  pits  of  cMna- 
clay.  The  chinarstane  (296.)  is  a  kind  of  granite, 
the  felspar  of  which  has  undergone  a  partial  decom- 
position :  it  is  carefully  selected  so  as  to  be  entirely 
free  shorl;  and  requires  no  other  preparation  for 
the  market,  than  to  be  broken  into  a  size  convenient 
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for  carriage.  This  granite  is  of  a  peculiar  nature : 
it  does  not  contain  any  mica/  but  numerous  glossy 
scales  of  greenish  yellow  talc. 

There  are  many  quarries  of  chinorstone  now  in 
workings  and  the  remains  of  many  more  are  scattered 
over  the  hills  and  downs.  On  inspecting  any  one 
of  these,  the  cause  of  the  failure  of  this  stone  is 
evident :  it  has  arisen  from  the  presence  of  shorl  in 
various  proportions,  which  renders  it  unfit  for  the 
potteries,  and  thus  stops  the  quarry-man  in  the 
direction  of  the  bed,  and  his  labours  are  limited  on 
the  sides  by  the  micaceous  granite  (297.)  in  which 
this  chinorsUme  is  imbedded.  It  appears,  therefore, 
that  these  beds  of  porcelainous  granite  are  very 
numerous.  I  could  not  ascertain  their  bearings  in 
every  case;  they  were,  however,  very  commonly 
from  north  to  south,  or  rather  east  of  north,  and 
west  of  south.  This  rock  is  often  traversed  by  large 
veins  (298,  299.)  which  are  composed  of  crystalline 
shorl,  granular  decomposing  felspar,  and  tin-ore. 

These  china-^lay  works  are  not  confined  to  the 
parish  of  St  Stephens :  there  are  also  many  others  in 
the  parishes  of  St.  Dennis  and  St.  Austle;  but  those 
of  St  Stephens  appear  to  be  of  a  superior  quality. 

The  quantity  of  china-claf  exported  from  these 
places  is  very  considerable,  exceeding  7,009  tons  per 
Wtniim :  and  when  to  this  is  added  the  amount  of 
cUnorstone,  which  is  about  5,000  tons  more>  the 


*  Dr.  TbomsoD,  in  his  acooont  of  Cornwall  states  that ''  in  the  St.  Stephen's 
granite,  near  St.  Austle,  I  could  perceive  no  mica,  and  have  reason  to  believe 
that  the  rock  contains  none."    Annals  of  Philosophy.  Vol.  2. 
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whole  forms  a  very  important  branch  of  commerce. 
In  estimating  the  value  of  these  works  to  the  com- 
munity^ it  must  also  be  remembered,  that  they  are 
situated  in  bleak  barren  moors ;  thus  affording  em- 
ployment and  support  to  several  hundred  persons, 
where  the  impracticable  soil  would  hardly  maintain 
a  single  family 

I  subjoin  a  short  account  of  the  preparation  of 
the  china-clay^  as  no  communication  has  hitherto 
been  made  to  the  Society  on  this  subject. 


CHINA-CLAY,  OR  PORCELAIN-EARTH.  A  spot  being  discorered 
where  this  substance  abounds,  the  operation  is  commenced  by  remoring  the 
Tegetable  soil  and  substratum,  called  by  the  workmen  the  overburden,  which 
▼aries  in  depth  from  about  three  to  ten  feet.  The  lowest  part  of  the  ground  is 
then  selected,  in  order  to  secure  an  outlet  for  the  water  used  in  washing  the  clay. 

The  oeerburden  being  removed,  the  clay  is  dug  up  in  gtopes ;  that  is,  in 
successive  layers  or  courses,  and  each  one  being  excavated  to  a  greater  extent 
than  the  one  immediately  below  it,  the  aiapes  resemble  a  flight  of  irregular  stairs. 
The  depth  of  the  china-clay  pita  is  various,  but  it  seldom  exceeds  twenty  feet. 

The  clay  (300.)  when  first  raised  has  the  appearance  and  consistence  of 
mortar:  it  contains  numerous  grains  of  quartz,  Which  are  disseminated 
throughout  in  the  same  manner  as  in  gpranite.  In  some  parts  the  clay  is  stained 
of  a  rusty  colour,  from  the  presence  of  veins,  and  imbedded  portions  of  shorl 
and  quartz ;  these  are  called  by  the  workmen  weed,  caple  and  aheU,  and  are 
carefully  separated.  The  clay  is  next  conveyed  to  the  floor  of  the  washing 
place :  and  is  then  ready  for  the  first  operation  of  the  process. 

A  heap  of  the  clay  being  placed  on  an  inclined  platform,  on  which  a  little 
stream  of  water  falls  from  the  height  of  about  six  feet,  the  workman  constantly 
moves  it  and  turns  it  over  with  a  piggle  and  shovel ;  by  which  means,  the  whole 
is  graduaUy  carried  down  into  an  oblong  trench  beneath,  which  is  also  inclined 
and  which  ends  in  a  covered  channel  that  leads  to  the  catch-piis  about  to  be 
described.  In  the  trench  the  grains  of  quartz  (301.)  are  deposited:  but  the 
other  parts  of  the  clay,  in  consequence  of  their  greater  levity,  are  carried  away 
by  the  stream  of  water  in  a  state  of  suspension. 

This  water  is  conducted  into  a  series  of  pits;  each  of  which  is  about  eight 
fieet  long,  four  in  breadth  and  in  depth,  and  is  lined  on  the  sides  and  bottom 
with  cut  moorstone,  laid  in  a  water-proof  cement.  In  these  pits  the  poroelain- 
earth  is  gradually  deposited : — in  the  first  pit,  the  grosser  particles  collect ;  and 
being  of  a  mixed  nature,  are  always  rejected  at  the  end  of  each  day's  work,  by 
ao  opening  provided  for  that  purpose,  at  the  bottom  of  the  pit.  When  the  water 
has  filled  the  first  pit,  it  overflows  into  the  second ;  and  in  like  manner  into  the 
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A  peculiar  kind  of  granite  (303.)  is  found  in  a 
quarry  on  the  eastern  side  of  St.  Stephen's  Beacon^ 
it  resembles  that  last  mentioned,  with  the  addition 
of  minute  grains  of  purple  fluor  spar  disseminated 
throughout  the  mass, 

The  foregoing  varieties  of  granite  extend  to  the 
eastward^  as  far  as  Carclaze  mine  which  is  worked 
open  to  day,  like  an  immense  quarry.  The  upper 
part  of  this  granite  is  also  much  decomposed^  but 
beneath  it  gradually  becomes  more  solid  and  perfect ; 
it  is  traversed  by  innumerable  strings  and  bunches 
of  shorl,  and  of  shorl-rock,  which  abound  in  tin-ore. 


third :  and  in  these  pits,  particularly  in  the  second,  a  deposit  also  takes  place, 
which  is  often  preserved,  and  is  called  by  the  workmen  mica.  The  water  still 
holding  in  suspension  the  finer  and  purer  particles  of  porcelain-cIay,  next 
orerflows  into  larger  pits,  called  ponds  ;  which  are  of  the  same  depth  as  the 
first  pits,  but  about  three  times  as  long  and  wide :  here  the  clay  is  gradually 
deposited,  and  the  clear  supernatant  water  is  from  time  to  time  discharged  by 
plug-holes  on  one  side  of  the  pond.  This  process  is  continued  until  by 
successive  accumulations  the  ponds  are  filled.  At  this  stage  the  clay  is  in  the 
state  of  a  thick  paste :  and  to  complete  the  process  it  only  remains  to  be  con- 
solidated by  drying,  and  then  it  is  fit  for  the  market. 

This,  however,  is  a  tedious  operation  in  our  damp  climate,  and  is  effected  as 
follows. — The  moist  clay  is  removed  in  hand-barrows  into  the  jnum,  which  are 
constructed  like  the  pita  and  pends,  but  are  much  larger,  being  about  forty  feet 
long,  fifteen  wide,  and  a  foot  and  half  in  depth.  The  above  dimensions  may 
not  be  quite  correct,  for  I  did  not  actually  measure  the  pits ;  they  are,  however, 
very  near  the  truth.  When  the  pan$  are  nearly  filled,  the  clay  is  levelled,  and 
is  then  allowed  to  remain  undisturbed  until  it  is  nearly  dry.  The  time  re- 
quired for  this  part  of  the  process  must  depend  in  a  great  measure  on  the  state 
of  the  weather,  and  the  season  of  the  year ;  because  the  pans  are  exposed  to  the 
air :  during  the  winter  at  least  eight  months  are  necessary ;  whilst  during  the 
summer  less  than  half  the  time  is  sufficient. 

When  the  clay  is  in  a  fit  state,  it  is  cut  into  oblong  masses,  and  carried  to  the 
drying-house ; — an  oblong  shed,  the  sides  of  which  are  open  wooden  frames, 
constructed  in  the  usual  way  for  keeping  out  the  rain,  but  admitting  the  firee 
passage  of  the  air.  The  clay  thus  dried  is  next  scraped  perfectly  clean,  and  is 
then  packed  up  into  casks ;  and  carried  to  one  of  the  adjacent  ports  to  be 
shipped  for  the  potteries. 

The  porcelain-earth,  (802.)  thus  prepared,  is  of  a  beautiful  and  unifonn 
whiteness,  and  is  perfectly  smooth  and  soft  to  the  touch. 
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These  irregular  veins  are  evidently  contemporaneous 
with  the  granite ;  for  they  are  so  intimately  blended 
together,  that  in  order  to  obtain  the  ore  both  veins 
and  rock  require  to  be  stampt  and  washed.  This 
excavation  is  of  considerable  extent,  exceeding 
several  acres  in  superficial  measurement,  and  more 
than  a  hundred  feet  in  depth :  it  is  a  very  pictur- 
esque object,  and  deserves  the  attention  of  all 
travellers  who  visit  Cornwall. 

About  two  miles  north  of  Carclaze  is  another  tin- 
mine,  called  Beam :  it  is  situated  in  the  granite,  and 
was  originally  quarried,  but  is  now  regularly  mined. 
The  granite  here  is  more  compact  and  crystalline 
(304.)  than  the  preceding : — felspar  forms  the  greater 
part  of  the  mass  which  is  frequently  porphyritic, — 
the  quartz  and  mica,  particularly  the  latter,  are  in 
less  than  the  usual  proportion.  It  is  traversed  by 
large  courses  which  underlie  towards  the  north 
about  three  feet  in  the  fathom,  and  which  are  for  the 
most  part  parallel  to  each  other,  having  somewhat 
the  appearance  of  stratification : — ^they  vary  in  their 
composition,  but  in  general  the  outer  parts  or  the 
sides  of  the  courses  consist  of  (305.)  disintegrated 
felspar,  quartz,  and  that  kind  of  yellowish  talc  already 
noticed,  and  the  presence  of  which  appears  to  be  in 
some  way  connected  with  this  extensive  decomposi- 
tion ; — whilst  their  middle  part  is  quartzose  (306, 
307.)  united  in  various  proportions  with  shorl,  and 
intermixed  with  veins  and  bunches  of  tin-ore.  This 
mineral,  though  more  abundant  in  the  courses,  is  not 
confined  thereto ;  for  the  same  occurs  in  the  inter- 
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mediate  layers  of  hard  granite :  these  courses  are, 
I  believe,  regarded  by  the  miner  as  the  lodes. 

Having  considered  one  characteristic  feature  of 
the  granite  of  the  central  district,  viz. — its  great 
tendency  to  disintegration,  another  remains  to  be 
described ;  which,  although  of  no  commercial  impor- 
tance, is  of  considerable  interest  to  the  geologist, 
and,  therefore,  merits  particular  attention.  I  allude 
to  the  prevalence  of  shorl  in  this  rock. 

This  mineral  is  not  entirely  wanting  in  any  part 
of  the  granite :  though  in  some  of  the  hard  crystal- 
line varieties  of  this  rock  it  is  in  very  minute  quan- 
tities. It  is,  however,  generally  plentiful  in  the 
quartz  veins,  either  disseminated  throughout  in  clus- 
ters of  crystals  and  grains,  or  intimately  combined 
therewith.  Sometimes  the  shorl  usurps  the  place 
of  the  mica  altogether :  and  it  appears  to  become 
gradually  more  abundant,  as  the  confines  of  the 
granite  are  approached:  as  may  be  seen  in  the 
following  examples. 

The  granite  (308.)  on  the  eastern  side  of  St 
l^ephen's  Beacon,  and  (309.)  at  Watch  Hill,  near 
St.  Mewan's  Beacon,  is  composed  of  two  kinds  of 
felspar  (the  one  disintegrated,  and  the  other  in  red 
porphyritic  crystals),  of  grey  quartz  in  large  grains 
or  rather  nodules,  and  of  shorl  and  talc  in  small 
prisms  and  scales.  In  this  granite  occur  beds  (310.) 
of  a  fine-grained  variety  of  the  same  rock. 

Near  the  hamlet  of  Step-aside  (about  a  quarter 
of  a  mile  westward)  the  granite  (311.)  consists  of 
coarse-grained  quartz,  reddish  felspar,  and  shorl; 
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the  quartz  is  the  prevailing  mineral,  and  the  felspar 
is  prone  to  decay:  this  variety  skirts  the  granitic 
group  on  this  side,  through  Mill,  Kernick,  Borgotha, 
Jolly  Mill,  and  St.  Dennis.  Like  No.  309,  it  also 
contains  beds  (312.)  which  differ  only  in  being  of  a 
finer  grain.  And  near  Beam  mine,  the  country  is 
formed  of  the  same  kind  (313.)  of  granite. 

The  hills  over  these  kinds  of  shorlaceous  granite 
present  an  uniform  scene  of  desolation:  the  soil 
(if  such  a  name  be  applicable  to  any  thing  so  sterile) 
is  full  of  fragments,  and  indeed  oftentimes  consists 
entirely  of  shorl  and  quartz  in  the  state  of  sharp 
angular  gravel ;  the  decomposed  felspar  having  been 
washed  away  by  the  rain,  the  mechanical  power  of 
which  is  increased  by  the  steepness  of  the  hills,  and 
the  unretentive  nature  of  the  gravel- 
Here  and  there  a  group  of  immense  bowlders,  or 
a  pile  of  untransported  blocks,  alone  disturb  the 
sameness  of  the  prospect.  Felspar  scarcely  enters 
into  the  composition  of  these  masses,  they  consist 
almost  entirely  of  quartz  and  shorl :  and  to  the  com- 
paratively indestructible  nature  of  these  minerals 
must  be  attributed  their  durability,  the  more  frail 
rocks  around  them  having  been  removed  by  the 
gradual  action  of  the  elements.  Cattaquilter  or 
Carliquoiter  rock  (314.)  is  of  this  description.  All 
the  kinds  of  shorl-rock  do  not  occur  in  the  same  bed ; 
but  in  order  to  illustrate  this  subject,  I  have  selected 
specimens  from  distant  localities,  that  they  may  be 
arranged  side  by  side  in  the  Cabinet. 
One  of  the  most  characteristic  examples  of  shorl- 
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rock  (315,316.)  occurs  at  Roach;  it  is,  however, 
situated  without  the  boundaries  of  the  granite.  This 
celebrated  Koach-Rock,  so  much  frequented  by  the 
the  curious,  is  equally  inviting  to  the  geologist :  it 
crowns  a  sootiewhat  conical  eminence,  the  barren 
sides  of  wliich  are  strongly  contrasted  with  an  ad- 
joining belt  of  cultivated  land.  The  rock  is  formed 
of  huge  oblong  masses,  piled  one  upon  another  after 
the  manner  of  the  granite  tors ;  to  which  externally 
it  bears  an  exact  resemblance.  The  constituents  of 
this  shorl-rock  are  both  in  distinct  crystalline  gra- 
nules :  and  white  quartz  intermixed  with  the  black 
shorl  produces  a  good  effect  Though  this  compound 
is  hard  and  durable.  It  is  very  brittle,  as  might  be  ex- 
pected fjrom  this  property  being  common  to  both  its 
constituents.  The  shortrock  of  Roach  may  be  com- 
sidered  as  the  type  of  this  rock,  on  account  of  the 
uniform  and  distinct  manner  in  which  its  conoipo- 
nent  parts  are  united :  and  compared  with  which, 
the  other  kinds  may  be  regarded  as  coarse  or  fine- 
grained. The  coarse-grained  shorl-rock  (317.)  is 
found  on  the  side  of  the  hill  above  Jolly's  Mill :  its 
shorl  is  in  prismatic  crystals,  and  its  quartz  in  crys- 
talline grains,  which  are  sometime^  so  large  as  to 
deserve  the  name  of  nodules ;  in  some  parts  of  this 
xiock  the  shorl,  and  in  others  the  quartz,  predomi- 
nates. This  kind  of  shorl-rock  is  not  often  met 
with  in  this  part  of.  Cornwall,  but  is  very  common 
on  the  borders  of  thQ  granite  in  the  western  district. 
A  fine-grained  shorl-rock  (318.)  also,  occurs  at 
Jolly'^  MilljL  at  Borgotha,  and  n^ar  Cacclaze ;  it  is 
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more  compact  and  harder  than  the  preceding :  the 
same  localities  also  furnish  varieties  of  this  rock, 
(319, 320.)  in  \ivhich  the  texture  is  still  fiher^  and  the 
particles  so  minute  that  the  ingredients  can  only  be 
distinguished  from  each  other  by  their  colour. 

These  gradually  pass  into  what  may  be  called 
compact  shorl-rock,  (321,  322.)  in  which  the  compo- 
nent parts  can  be  no  longer  discerned ;  but  which, 
there  can  be  no  doubt,  is  a  compound  of  quartz  and 
shorl.  It  forms  very  large  layers,  or  courses,  in  the 
shorlaceous  granites;  and  is  i^eed  of  common 
occurrence,  as  veins,  in  every  kind  of  granite,  and 
also  in  the  adjoining  schistose  rocks.  In  veins,  it 
often  forms  with  the  quarts  alternating  stripes,  some- 
times the  one  and  sometimes  the  otlier  prevailing ; 
or  the  shorl  is  diffused  throughout  in  such  a  minute 
proportion,  that  the  quartz  acquires  thereby  a  dove 
blue  colour.  Compact  shorl^rock  is  very  various  ia 
colour  according  to  the  proportion  of  its  ingredients : 
it  sometimes  is  brownish  black,  but  generally  is  of 
some  intermediate  tint  between  raven  black  and  slate 
blue.  One  kind  of  this  rock,  which  is  a  dark  blue, 
might  be  mistaken  for  a  fine-grained  variety  of 
greenstone ;  it  may,  however,  be  distinguished  by 
the  following  characters: — it  is  very  hard,  but 
partaking  of  the  brittleness  of  quartz,  it  is  easily 
broken;  it  is  not  fusible;  and  its  specific  gravity 
is  2.75: — whereas  the  green  stone  is  softer;  it 
is  very  tough ;  is  fusible ;  and  its  speeific  gravity 
is  2.90.  I  have  been  thus  particular  concerning  the 
compact  shorl**rock,  because  it  \%  far  more  abundant 
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than  any  variety  of  this  rock :  and^  thoagh  it  could 
not  have  escaped  the  observation  of  those  geologists 
who  have  visited  Cornwall,  yet  its  nature  does  not 
appear  to  have  been  duly  appreciated. 

Another  interesting  kind  of  shorl-rock  forms  St 
Mewan*s  Beacon :  which  is  about  a  mile  and  a  half 
north  of  St.  Austle,  and  is  situated  on  the  brow  of 
a  hill ;  like  that  of  Roach,  it  has  very  much  the 
appearance  of  granite,  in  which  rock  it  occurs  tra- 
versing it  in  the  direction  of  north-west  and  south- 
east. Some  of  the  blocks  of  this  tor  (323.)  are 
composed  of  quartz  with  minute  particles  of  a 
yellowish  brown  mineral  interspersed  throughout, 
the  nature  of  which  is  not  apparent:  most  of  them, 
however,  contain  crystallized  shorl  in  variable  por- 
tions, (324,  325,  326.  )  but  which  never  equal  the 
quartz  in  which  it  is  always  imbedded ;  this  basis  of 
quartz  is  massive  and  crystalline  with  a  bright  vitre- 
ous lustre.  On  account  of  the  prevalence  of  quartz 
in  this  compound,  it  may  be  called  quartzose  shorl- 
rock.  It  is  a  very  beautiful  stone,  and  calculated  to 
produce  a  fine  effect  in  ornamental  architecture :  it 
would,  however,  require  to  be  sawn,  (no  easy  task  on 
account  of  its  great  hardness,)  for  its  brittleness 
would  render  it  unmangaeable  either  under  the 
hammer  or  chisel.  The  great  expense  of  working  it, 
would  of  course  forbid  its  general  use;  but  cases  may 
arise,  as  in  public  monuments,  when  the  cost  would 
be  more  than  compensated  by  the  beauty  and  im- 
perishable nature  of  this  rock. 

To  the  foregoing  varieties  may  be  added  those. 


District  ^  Cornwall.  245 

in  which  one  or  both  of  the  component  minerals 
occur  in  distinct  imbedded  patches,  in  a  basis  either 
of  fine-grained  or  compact  shorl-rock :  but  these  may 
be  regarded  rather  as  sub-varieties :  No.  327,  from  St. 
Stephen's  Beacon,  is  a  specimen  of  this  description. 

There  yet  remains  another  and  very  interesting 
form  of  this  rock,  which  consist  of  alternating  layers 
of  black  and  white  minerals,  exhibiting  the  most 
complicated  curves  and  contortions.  This  rock  has 
been  described,  by  the  Rev.  J.  J.  Conybeare,*  as  a 
compound  of  alternate  layers  of  granular  quartz  and 
shorl :  and  such  is  his  known  accuracy  that  no  doubt 
can  be  entertained  of  his  correctness.  The  speci- 
mens that  I  have  examined  in  various  parts  of  the 
county  all  occur  at  or  without  the  boundaries  of  the 
granite^  and  appear  to  be  of  a  different  nature : — the 
black  are  not  formed  of  shorl,  but  of  the  compact 
shorl-rock,  just  described;  and  the  white  layers 
consist  of  quartz,  which  is  generally  more  or  less 
combined  with  felspar,  producing  a  compound  the 
properties  of  which  vary  according  as  one  or  other 
of  the  constituents  prevails.  The  presence  of  the 
felspar  is  indicated  by  the  rock  becoming  soft  and 
argillaceous  on  weathering :  the  extent  of  which  of 
course  depends  on  the  proportion  of  this  mineral. 
This  kind  of  shorl-rock  is  very  abundant  in  the 
diluvium  on  Tregoss  Moors,  where  the  specimens 
Nos.  328,  and  329,  were  obtained. 

Such  is  a  general  outline  of  the  granitic  rocks  of 
the  Central  District ;  but  before  quitting  this  part 

*    Annato  of  Philosophy.    Vol.  5,  p.  160.    New  Series. 
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of  the  country  its  extensive  stream-works  require  to 
be  noticed.  These  diluvial  deposits  of  tin-ore  are 
the  most  important  in  Cornwall,  particularly  those 
that  are  situated  in  the  large  tract  of  low  moors 
between  Roach  and  Luxullion : — the  whole  of  this 
area  is  surrounded  on  all  sides  by  hills,  and  resembles 
an  immense  shallow  basin,  which  however  has  several 
narrow  outlets,  on  the  south,  into  St.  Austle  Bay. 
These  stream-works  vary  in  depth  from  ten  to  twenty 
feet : — turf  and  vegetable  mould  for  a  foot  or  two  in 
depth  form  the  uppermost  layer ;  under  which  is  a 
thick  irregular  bed  of  siliceous,  or  rather  granitic^ 
sand  intermixed  with  pebbles  of  quartz,  and  of  shorl- 
rock ;  this  is  succeeded  by  a  layer  of  black  peat 
containing  the  branches  and  trunks  of  trees,  and 
other  vegetable  remains,  it  is  about  eighteen  inches 
in  thickness ;  and  lastly  beneath  this  vegetable  stra- 
tum is  the  tin-ground,  which  consists  of  sand,  grave), 
pebbles  and  bowlders  with  tin-ore  interspersed,  all 
evidently  derived  from  the  neighbouring  rocks.  The 
ore  is  generally  in  the  state  of  crystalline  grains,  and 
when  prepared  by  washings  in  the  usual  way,  it 
resembles  a  coarse  sand :  this  8tream-4m  is  of  very 
superior  quality,  yielding  the  purest  metal  which  is 
known  in  the  market  under  the  name  of  grain-tin. 

It  may  be  here  observed  that  the  streamers  some- 
times find  portions  of  the  peat  wanting,  and  they 
always  pass  over  this  ground ;  for  they  know  by 
experience,  that  the  search  for  ore  would  be  labour 
in  vain.  ^  The  old  men,**  they  say,  "  have  been  here 
before  them :"  and  the  disturbed  state  of  the  over- 
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burden  shews  that  the  ground  has  been  already 
worked ;  and  that  this  took  place  at  a  remote  period, 
is  rendered  probable  by  the  discovery  of  wooden 
shovels  and  other  anci^it  implements^  in  similar 
situations  in  many  parts  of  Cornwall. 

On  the  southern  coast  of  this  district  there  are 
also  several  important  streamrworks ;  but  these  will 
be  noticed  in  another  place.  In  the  above  brief 
account  I  have  not  given  any  minute  particulars*; 
as  this  has  been  already  done  by  Mr.  Henwood* 
whose  statements  agree  with  my  own  observations. 

From  Hbnsborovgh  to  Bodmin. 

Descending  from  the  granite  hills,  near  Hens* 
borough,  on  the  road  to  Roach,  the  valley  is  found 
to  be  barren,  being  covered  with  diluvial  debris,  in 
which  are  some  stream-works:  and  in  the  rivulet  there 
is  a  considerable  accumulation  of  siliceous  sand, 
derived  from  the  neighbouring  china-clay  works. 

It  has  been  already  stated  that  Roach-Rock  is 
situated  beyond  the  boundary  of  the  granite ;  and 
that  it  is  surrounded  on  all  sides  by  cultivated  fields, 
which  are  very  fertile,  except  in  the  direction  of  the 
granite  hills.  Around  Roaeh  the  soil  is  very  deep : 
but  wherever  an  open  trench  or  pit  afforded  a  view 
of  the  substratum,  it  was  found  to  consist  of  a 
variety  of  slaty  felspar-rock  (330*)  in  a  state  of  de- 
composition :  tlie  most  perfect  specimen  waa  foiud 
m  the  yaltojr  on  the  eaatera  side  of  the  Rock;  it 
.(331.)  is  a  conpound  of  granular  fehqpmv  wititan 
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intimate,  though  very  sparing,  mixture  of  a  dark 
coloured  mineral,  perhaps  shorl  or  hornblende. 
This  kind  of  rock  often  occurs  in  the  vicinity 
of  granite ;  and  it  prevails  over  the  whole  of  the 
Tregoss  Moors,  as  may  be  seen  in  the  numerous 
streamrworks.  This  rock  is  traversed  by  veins  of 
quartz,  containing  various  portions  of  shorl :  and  it 
is  (332.)  generally  so  miich  disintegrated  that  it  is  in 
the  state  of  a  firm  clay*  which  retains  the  original 
slaty  structure,  separating,  under  the  blow  of  the 
pickf  into  thick  flakes.  It  is  owing  to  this  substra- 
tum of  clay  that  the  rain-water  is  retained  at  the 
surface  in  all  the  hollows  of  this  moor.  Immediately 
above  this  clay  is  the  tin-ground ; — a  bed  of  pebbles, 
consisting  of  quartz  and  shorl,  but  for  the  most  part 
of  that  variegated  or  agate-like  variety  of  shorl-rock 
(328,  329.)  already  described,  and  which  will  be 
more  particularly  noticed.  This  diluvial  deposit  is 
seldom  more  than  three  or  four  feet  in  depth,  and  in 
no  instance  exceeds  ten  feet,  at  least  to  any  extent. 

The  sterility  of  these  moors  must  be  ascribed  to 
this  deposit:  for  the  swamps  might  be  obviated 
by  draining,  as  the  situation  is  elevated.  Several 
patches  on  these  moors  are,  indeed,  enclosed,  and 
brought  into  tillage ;  such  parts,  however,  are  higher 
than  the  general  surface  of  the  moor,  to  which  cir- 
cumstance their  superior  fertility  may  be  owing, 
the  more  elevated  ground  having  been  exempted 
from  the  diluvium  that  covers  the  lower  levels. 

Proceeding  from  these  moors  to  Bodmin  the  same 
rocks  continue,  both  on  the  right  and  left  of  the  road. 
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as  far  as  Lanivet  hill :  the  side  of  which  is  covered 
with  bowlders^  and  projecting  masses  of  rocks  (333.) 
which  at  a  distance  have  very  much  the  appearance  of 
granite,  but  which  on  nearer  inspection  prove  to  be 
greenstone,  or  rather  purple  felspar*rock ;  and  the 
hill  itself  is  formed  of  the  schistose  variety  (334, 335.) 
of  the  same  kind  of  rock,  as  is  shewn  by  the  rubbish 
around  the  numerous  shafts. 

A  little  nearer  Bodmin  the  slate  (336.)  becomes 
more  fissile  and  granular ;  it  ia  intermixed  with  a 
green  crystalline  mineral  like  ehlorite:  the  upper 
and  decomposed  part  of  this  slate  (337.)  is  of  a  light 
grey,  slightly  tinted  here  and  there  with  green. 
About  one  mile  from  Bodmin  the  slate  (338.)  is 
somewhat  fibrous  and  more  argillaceous  than  the  last, 
resembling  that  on  the  borders  of  Baron  Down :  this 
rock  is  partially  disintegrated  to  a  great  depth.  Here 
also,  on  the  road  side,  a  dee|^  pit  has  exposed  an  ehan- 
course  (339.)  which  is  compoeed  of  greenish  yellow 
compact-felspar  with  disseminated  grains  of  quartz ; 
the  upper  part  of  this  rock  is  decomposed  (340.)  into  a 
kind  of  china-clay.  The  dip  and  bearings  of  this  rock 
eould  not  be  ascertained ;  but  without  doubt  it  is  of 
the  same  nature  as  those  elvans  which  so  commonly 
oecttr  in  the  vicinity  of  granite.  There  is  one  r^nark 
that  suggests  itsdf  on  viewing  these  specimens ;  vis. 
the  colour  ef  the  felspar  in  the  unchaoged  rock, 
wUch  seems  to  imply,  that  the  felspar  aad  the  talc 
of  the  St.  Stephen's  granite  are  here  united  into  one 
aineral  aubstaace. 

At  Uie  turnpike  the  argillaceous  slates  commence, 
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ivhich  are  so  abundant  around  Bodmin,  and  which 
have  been  already  described.  The  rock  (341.)  form- 
ing the  Downs  to  the  right  of  this  road  going  to 
Wadebridge,  appears  only  to  differ  in  being  more 
siliceous,  like  that  of  Baron  Down* 

From  St.  Dennis  to  Pbrmiscen  Bay. 

Returning  to  the  granite  at  St.  Dennis,  and  pass- 
ing over  the  shorlaceous  granite,  in  a  northerly 
direction,  there  is  a  hill  which  bounds  the  Tregoss 
Moor  on  the  western  side,  and  gradually  slopes  down 
to  the  Indian  Queens.  On  this  hill  is  the  Fat  Work 
tin-mine,  by  the  aid  of  which  the  subjacent  rock 
(342,  343.)  is  found  to  resemble  the  zoned  shorl-rock 
so  common  on  the  moor ;  only  differing  therefrom 
in  being  composed  of  compact-felspar,  coloured  by 
shorl,  or  some  such  mineral,  producing  parrallel 
stripes,  which  are  often  variously  curved  and  con- 
torted. This  rock  gradually  passes  into  a  dark  blue 
slate  (344.)  which  is  not  abundant  on  this  spot,  but 
in  the  valley  it  becomes  the  prevailing  rock.  On 
each  side  of  the  main  lode,  to  the  extent  of  six 
fathoms,  the  rock  is  in  a  decomposed  state,  gradually 
becoming  softer  as  it  approaches  the  lode,  where  it 
is  reduced  to  a  firm  clay;  which  becomes  harder 
by  exposure  to  the  air,  breaks  into  laminae  and  retains 
the  waved  and  curved  markings  of  the  perfect  rock,  it 
(345.)  is  for  the  most  part  of  a  brick  red  colour ;  but 
sometimes  it  (346.)  is  white  in  consequence,  perhaps, 
of  its  being  free  from  shorl,  for  the  red  colour  of  the 
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preceding  variety  appears  to  be  derived  from  the 
oxidation  of  the  iron  contained  in  this  mineral*  It 
is  a  curious,  though  not  a  singular  fact,  that  the 
shorl,  when  mixed  with  quartz,  resists  the  action  of 
the  elements ;  but  conjoined  with  felspar,  it  is  sus- 
ceptible of  decomposition ;  thus  participating  in  the 
property  of  the  mineral  with  which  it  is  combined. 
It  may  also  be  observed  that  throughout  this  soft 
mass  there  are  hard  portions  of  the  rock,  which 
appear  to  owe  their  immunity  from  the  common 
decay  to  their  containing  more  quartz,  resembling 
the  diluvial  pebbles  on  the  moor. 

From  these  facts  I  conclude  that  this  rock  is  not 
a  shorl-rock,  but  a  compound  of  felspar,  quartz  and 
shorl,  variously  compounded  and  blended  together ; 
in  short,  that  it  consists  of  the  same  ingredients  as 
the  shorlaceous  granite,  which  it  immediately  suc- 
ceeds. This  rock,  therefore,  (if  this  view  of  the 
subject  be  correct)  unfolds  a  most  important  page 
in  the, book  of  nature,  throwing  additional  light  on 
the  connection  of  the  granitic  and  slate  formations  : 
in  it  we  perceive  all  the  contortions  of  the  strata  so 
characteristic  of  the  latter  :  and  from  it,  hints  may 
be  gathered  whereby  these  phenomena  may  be  ex- 
plained. This  topic,  however,  will  be  considered 
more  fully  hereafter  in  the  last  chapter. 

The  next  circumstance  which  calls  for  attention, 
regarding  this  interesting  mine,  is  the  main  lode ; 
which  is  fifteen  fathoms  wide,  runs  east  and  west, 
and  inclines  a  little  to  the  north,  but  is  nearly  per- 
pendicular.    The  tin-ore  (347,  348,  349.)  is  of  supe- 
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rior  quality^  and  occurs  within  this  lode  in  the  fonn 
of  innumerable  short  veins^  often  in  layers  or  ^floors, 
which  are  sometimes  arranged  one  above  another : 
small  veins  of  this  ore  are  also  frequently  observed 
traversing  the  rock  in  various  directions.  Quartz 
and  shorl  accompany  the  tin-ore  in  the  veins :  and 
it  may  be  noticed  that  in  small  cavities  in  the  latter, 
portions  of  pure  porcelain-earth  are  often  found. 
The  lode  itself  is  a  hard  compact  rock,  (350,  351, 
852.)  consisting  of  an  uniform  dark  coloured  basis, 
containing  innumerable  small  angular  pieces  of  rock, 
like  that  in  which  it  is  imbedded.  These  imbedded 
portions  resemble  fragments:  and  if  this  be  the 
case  their  angular  forms  shew  that  they  have  not 
been  transported  far  from  the  parent  rock.  This  is 
another  instance  of  an  apparently  fragmentary  lode : 
and  though  somewhat  different  in  its  nature,  yet  it 
belongs  to  the  same  class  of  facts,  as  those  of  St 
Teath,  Reli^ian,  and  others. 

It  must  also  be  mentioned,  that  this  main  lode 
is  intersected  by  numerous  and  regular  veins  of 
quarts,  in  the  direction  of  north*west  and  south-east: 
these  veins  are  seldom  more  than  five  fathoms  asim- 
der ;  they  do  not  heave  the  main  lode,  nor  do  they 
Appear  to  aS&ct  it  in  any  respect  whatever. 

With  regard  to  this  mine,  it  only  remains  to  notice 
A  laige  angular  piece  of  tin-ore*  (352a.)  which  is 
curious  ^n  account  of  tiie  position  in  which  it  wis 
found ;  tiie  flat  side  was  in  contact  with  the  main 
lode,  ami  the  other  parts  were  imbedded  in  the  ved 

*    Presented  to  the  Society  by  the  Captain,  Mr.  Thomas  Treweeke. 
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decomposed  rock,  some  of  nvhich  still  adheres  to  it 
This  tin-ore  must  either  have  been  contemporaneous . 
with  the  rock  in  which  it  occurs^  or  it  must  have 
sunk  into  the  latter  whilst  in  its  present  soft  state : 
I  incline  to  the  former  opinion ;  because,  even  on 
the  supposition  of  veins  having  once  been  open 
fissures,  the  erect  position  of  the  walls  of  the  lode 
indicate  that  the  adjoining  rock  must  have  been  in 
a  firm  and  solid  state  to  sustain  the  pressure  arising 
in  consequence  of  the  intervening  fissure  of  fifteen 
fiithoms  in  width. 

At  the  foot  of  this  hill,  to  the  north-east  of  Indian 
Queens,  a  manganese-mine  was  formerly  worked : 
the  mineral  was  found  in  a  large  course,  running 
north-west,  and  south-east,  composed  of  siliceous 
minerals ;  in  some  parts  massive  quartas  prevails,  in 
others  petrosilex,  iron  flint,  and  hornstone  passing 
into  jasper:  as  in  the  following  specimens,  Nos. 
353,  354,  355.  The  ore,  as  at  Letcott,  occurred  in 
bunches,  from  the  sides  of  which  proceeded  short 
thick  veins  in  numerous  ramifications.  This  mine 
was  very  prosperous  for  a  time ;  but  like  all  those, 
in  which  the  ore  occurs  in  bunches,  it  became  sud- 
denly poor,  and  was  abandoned. 

Castle^en-Dinas,  and  the  adjacent  hills  which 
boand  the  Tregoss  Moors  on  the  north,  appear  from 
the  fragments  on  their  sides  to  be  composed  of  the 
same  kind  of  rock  as  the  last,  viz.  of  felspar,  quarts, 
and  shorl;  either  uniformly  mixed  and  blended 
together,  or  arranged  in  alternate  stripes  and  layers 
as  at  Fat- Work  mine. 
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Approaching  St  Columb  Major  the  prevailing 
rock  is  a  fine-grained  and  glossy  slate  (356.)  which, 
at  about  ten  or  twenty  feet  beneath  the  surface,  is 
of  a  fine  blue  colour ;  but  the  upper  part  of  this 
rock  (357.)  is  uniformly  of  a  light  colour,  varying  in 
shade  from  bluish  and  greyish  white  to  yellowish 
white,  with  occasionally  spots  and  stains  of  a  rust 
colour.  This  property  of  changing  from  blue  to 
white,  during  decomposition,  appears  to  be  very 
general  throughout  this  part  of  the  country,  from 
Bodmin  to  Michael :  and  some  importance  is  due  to 
this  circumstance,  because  it  gives  an  insight  into 
the  composition  of  these  rocks.  When  a  slate  has  a 
blue  colour,  hornblende  is  frequently  the  colouring 
matter  ;  but  in  that  case  the  rocks  become  reddish 
brown  on  decomposition : .  which  appears  to  indicate 
that  hornblende  is  not  contained  in  the  blue  slates 
under  consideration.  In  many  other  parts  of  Corn- 
wall blue  rocks  become  white  on  disintegration; 
and  in  these  chlorite  or  actynolite  may  often  be 
detected  as  the  colouring  mineral. 

On  the  north  side  of  St.  Columb  is  a  quarry  in  a 
bluish  slate  (358.)  very  similar  to  the  last :  and  about 
a  mile  farther  north,  near  Trewan,  is  an  imbedded 
mass  of  compact-felspar,  (359.)  in  which  may  be 
observed  small  contemporaneous  veins  of  a  yellowish 
green  mineral :  if  the  rock  were  more  exposed,  this 
substance  would  most  likely  be  exhibited  in  a  more 
distinct  form,  and  the  composition  of  the  adjacent 
slate  might  then  be  disclosed. 

This  kind  of  slate  extends  to  Whitewater :  asceud- 
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ing  the  hill  from  this  place^  a  very  barren  tract  of 
land  is  entered  on,  which  extends  east  and  west 
across  the  country  to  a  considerable  distance,  under 
the  names  of  Bogee  and  St.  Breock  Downs. 

The  sterility  of  this  part  of  the  county  is  attri- 
butable to  two  causes :  first,  to  the  nature  of  the 
subjacent  rock  which  abounds  in  silica,  both  disemi- 
nated  in  fine  particles  imparting  a  granular  texture, 
and  also  in  the  form  of  veins :  and  secondly,  to  its 
situation,  which  is  elevated,  and  sloping  steeply  on 
all  sides,  so  that  the  rain  that  falls  thereon,  not  find- 
ing a  passage  through  the  compact  rock  beneath, 
flows  through  the  sub-soil  in  streamlets,  washing  out 
its  argillaceous  portion  which  is  thus  transported  into 
the  valleys.  No  opportunity  offered  of  seeing  this 
rock  in  a  perfect  state :  the  specimens  (360, 361, 362.) 
were  obtained  from  shallow  excavations ;  they  shew, 
however,  how  greatly  quartz  predominates. 

Passing  this  Down,  slate  (363.)  is  again  entered  on; 
it  is  similar  to  No.  358,  but  separates  into  much  finer 
laminae :  this  slate  continues  from  St.  Ervan  to  the 
vicinity  of  St.  Merryn,  where  it  is  less  schistose, 
dividing  into  slabs  of  about  two  inches  in  thickness. 
This  rock  resembles  the  slate  of  Endellion  and  St. 
Teath ;  and  like  it  contains  lodes  of  galena,  sulphuret 
of  antimony,  and  blende.  The  slate  (364.)  is  from 
Wheal  Friendship  mine,  immediately  north  of  the 
church :  here  the  main  lode  (365.)  contains  angular 
pieces  of  slate,  as  at  St.  Teath ;  and  the  cementing 
mineral  is  a  crystalline  quartz. 

At  Cataclew  Point,  near  Trevose  Head,  is  a  very 
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crystalline  rock ;  the  greater  part  of  it  has  a  dark 
speckled  appearance  (366.)  from  the  intermixture 
of  white  felspar  and  black  hornblende ;  sometimes, 
however,  it  consists  almost  entirely  of  glassy  felspar. 
The  latter  variety  (367.)  is  very  hard  and  tough ; 
the  former  is  not  so  refractory,  and  is  frequently 
employed  at  Padstow,  and  in  the  neighbourhood^  as 
a  building  material,  under  the  name  of  Cataclew 
stone.  This  beautiful  rock  here  forms  an  extensive 
bed ;  and  it  is  also  found  near  Gunver  Head,  and  on 
each  side  of  the  mouth  of  Padstow  Harbour,  at 
Stepper  and  Pentire  Points :  indeed  from  the  direc- 
tion of  all  these  places,  it  is  probable  that  they 
belong  to  one  and  the  same  stratum. 

In  the  cliff,  on  the  north  part  of  Permiscen  Bay, 
limestone  occurs  interstratified  with  slate ;  and  the 
alternations  are  repeated  more  than  twenty  times, 
as  may  be  seen  from  a  projecting  cliff  opposite. 
These  strata  reach  to  the  water's  edge:  and  the 
upper  ones  can  be  easily  approached  on  the  side  of 
the  cliff,  where  three  strata  of  limestone,  and  two 
of  slate,  have  been  partially  excavated.  The  upper- 
most bed  of  limestone  (368.)  is  of  a  rust  colour ;  it 
is  in  a  decomposing  state,  and  soils  very  much :  the 
second  (369.)  is  also  altered  in  the  same  manner^  but 
in  a  less  degree :  and  the  third  (370.)  is  quite  pwfect ; 
some  of  this  has  been  burnt,  and  proved  to  be  an 
excellent  limestone.  The  slate  (371.)  between  the 
two  upper  beds  is  calcareous,  of  a  dark  cc^ur,  with 
light  brown  stripes,  like  that  at  Yeolm  Bridge,  near 
Launceston.    Between  the  limestone  aad  the  slate. 
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the  rock  (372.)  is  a  calcareous  schist,  which  is  splin- 
tery, passing  into  lamellar,  is  harder  than  the  slate, 
and  decomposes  into  a  white  friable  mass.  These 
beds  dip  southward,  at  an  angle  of  about  30^ 

From  Padstow  to  the  Granite  near  St.  Enoder. 

In  the  neighbourhood  of  Harbour  Cove,  (a  little 
creek  on  the  western  side  of  Padstow  Harbour)  the 
cliffs  consist  of  the  same  red  slate  already  noticed 
on  the  opposite  shore :  and  the  rocks  from  this  place 
to  Padstow,  are  similar  to  those  of  Rock  House 
Ferry,  on  the  other  side ;  consisting  of  compact  horn- 
blende-rock, intermixed  with  beds  of  black  limestone. 

From  Padstow  to  Little  Petherick,  the  prevailing 
rock  is  slate,  (373.)  like  that  between  St.  Ervan  and 
St.  Merryn ;  but  the  former  having  been  obtained 
from  a  quarry,  is  in  a  more  perfect  state.  In  this 
slate,  near  Dinas  Cove,  is  a  bed  of  limestone,  (374.) 
like  that  of  Rock-Ferry. 

At  Penquean  is  a  quarry  of  roofing  slate,  the 
strata  of  which  dip  N.  W.,  at  an  angle  of  20^.  This 
slate  f375.)  is  of  a  blue  colour  without  much  lustre ; 
it  (376.)  is  rather  ^ft,  and  separates  easily  into  thin 
laminae ;  in  quality,  however,  it  is  not  to  be  com- 
pared with  that  of  Delabole.  A  few  yards  north  of 
this  quarry  a  thick  bed  of  massive  rock  (377.)  lies 
on  thp  bank  of  the  river :  the  basis  of  this  stone  is 
"^of  an  uniform  grey  colour,  with  a  distinct  white 
mineral  interspersed  throughout:  it  slightly  effer- 
vesces with  acid,  and  appears  to  be  a  compound  of 
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coolpact-fehpar  and  carbonate  of  lime.  The  iippeir 
part  of  this  rock  (378.)  is  decomposed,  and  the  basis 
has  beicome  of  a  dark  rust  colour. 

Rocks  similat  to  those  around  St.  Columb  extend 
towards  St.  Enoder  and  Michael ;  between  the  latter 
place  and  the  granite  hills,  the  slate  (379.)  is  a  kind 
of  chlorite-schist,  in  which,  near  Summercourt,  a 
mine  has  belBki  wolrked,  but  is  now  abandoned ;  the 
lode,  consisting  of  quartz  and  chlorite,  (360.)  appears 
by  the  shafts  to  run  east  and  west. 

From  Mioiael  to  Nbw  Quay  &  St.  Columb  Minor. 

From  Michael  over  the  Down  to  Newlyn,  the 
rock  (381.)  expos^  to  view  is  a  decomposing  slate ; 
but  about  midway  the  rubbish  around  a  shaft  affords 
this  rock  (382.)  in  a  sound  state :  it  is  a  blue  slate 
with  a  striated  structure ;  is  soft  and  separates  easily 
into  lamintt>  which  are  irregular,  owing  to  the  nume- 
rous short  veins  of  quarts  that  traverse  it:  th^ 
qtertz  todes  contain  aigentiferous  galena. 

Similar  slates  continue  north  as  far  as  the  sea,  and 
extend  tb  the  eastward  around  St  Columb  Minor : — 
No.  388>  is  from  Trevoal,  and  No.  384,  from  Gwills ; 
they  are  light  coloured  and  glossy^  and  dip  north- 
west, at  all  angle  of  30o. 

The  slate  (885.)  around  New  Qtlay,  and  on  the 
shores  of  Fistrel  Bay>  are  inclined  to  S.  5.  W.,  at  aa 
angle  of  about  40^ :  it  is  of  a  blue  colour,  soft  abd 
of  a  fibrous  texture,  vtay  nearly  resembling  that  of 
Newlyn  Down :  and  in  the  cliffs  it  msay  be  seen 
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decomposed  to  the  depth  of  twenty  or  thirty  feet, 
formiDg  (886.)  a  very  white  glossy  slate. 

At  New  Quay  the  cliffs  are  full  of  large  caverns, 
the  roofs  of  which  are  lined  with  mosses  and  lichens : 
the  greater  part  of  these  (387.)  have  been  converted 
into  calo*sinter,  by  the  percolation  of  water  holding 
carbonate  of  lime  in  solution.  North  of  the  signal 
station  at  New  Quay,  is  a  bed  of  shelly  sandstone 
(388.)  which  has  attained  considerable  hardness :  and 
the  same  occurs  in  the  cliffs  around  Fistrel  Bay, 
forming  an  extensive  horizontal  bed  which  rests  on 
the  edges  of  the  slate.  This  consolidated  sand  bears 
but  a  small  proportion  to  that  which  is  loose,  and  is 
only  found  near  the  cliffs  at  the  lowest  parts  of  the 
deposit.  The  sapdstone  of  Fistrel  (389.)  does  not 
eontain  so  large  a  portion  of  shells  as  that  of  New 
Quay :  and  the  lower  part  consists  almost  entirely  of 
pebbles  forming  (390.)  a  kind  of  conglomerate,  which 
has  evidently  been  derived  from  the  adjacent  rocks. 

These  beds  of  pebbles  and  sand  are  situated  just 
above  high  water-mark,  and  rest  on  the  sloping 
ground  at  the  upper  part  of  the  bay :  but  as  the 
shore  becomes  more  steep  towards  the  points  of 
the  bay,  the  pebbles  are  wanting,  and  the  sand  rests 
immediately  on  the  rock ;  and  in  like  manner  the 
sand  also  gradually  disappears.  Near  the  hills  the 
pebbles  and  sand  are  covered  by  a  stratum  of  dehri^, 
derived  from  the  adjoining  slate. 

Dr.  Paris,*  in  his  account  of  these  deposits,  made 
the  formation  of  sandstone  almost  the  sole  object 
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of  his  enquiry ;  but  this  production  is  of  such  fre- 
quent occurrence^  that  it  is  of  less  interest  than  the 
origin  of  the  deposits  themselves ;  and  it  may  be  here 
observed,  that  this  recent  sandstone  is  fast  hastening 
to  decay,  being  undermined  and  destroyed  by  the 
sea  in  a  far  more  rapid  ratio  than  that  of  its  produc- 
tion ;  so  that,  at  no  distant  period,  there  will  not  be 
a  vestige  of  this  formation. 

''The  sand*  is  supposed  to  have  been  originally 
brought  from  the  sea  by  hurricanes,  probably  at  a 
remote  period;"  and  in  confirmation  thereof  the 
Arundel  papers  are  referred  to :  but  it  is  more  pro- 
bable that  it  is  the  remains  of  an  ancient  beach,  left 
dry  by  an  alteration  of  the  sea  level,  as  will  be  more 
particularly  shewn  in  the  last  chapter. 

Dr.  Paris*  describes  slaty  limestone  as  occurring 
in  this  neighbourhood  alternating  with  clay  slate : 
and  the  Rev.  Canon  Rogersf  in  enumerating  various 
localities  of  limestone,  mentions  Trevemper  as  one 
of  them.  These  rocks,  however,  escaped  my  notice : 
but  the  nature  of  the  surrounding  slate  indicates  that 
they  are  near  at  hand ;  for  in  other  parts  of  the 
country  these  slates  are  connected  with  limestone. 

In  a  cliff  quarry  about  half  a  mile  north-east  of 
New  Quay,  the  rock  (391.)  is  harder  than  thejast, 
and  breaks  into  thick  slabs,  the  joints  of  which  are 
much  stained  with  oxide  of  iron :  it  resembles  that 
kind  of  hornblende-slate,  which  at  Padstow  is  asso- 
ciated with  the  black  limestone. 

I  am  indebted  to  Mr.  Henwood  for  the  following 
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specimens  from  the  neighbourhood  of  St.  Columb 
Minor.  The  little  islands  at  the  entrance  of  Forth, 
are  composed  of  calcareous  schists  and  limestone : 
Nos.  391a,  3916>  are  from  the  south  side  of  the  inner 
island^  and  No.  39 1  c,  from  the  northern  part  of  the 
same;  Nos.  dlQld,  391e,  391/,  391^,  are  from  the 
outer  island.  '*  About  half  a  mile  east  of  Forth  an 
ehan-course  (39  U.)  appears  in  the  cliff,  and  passes 
inland  near  the  parish  church :  its  direction  is  about 
StO^.  west  of  north,  and  east  of  south ;  its  breadth 
forty  feet,  and  dip  £.  at  about  45^  to  50^. ;  the 
laminae  of  the  slate  (391t, )  in  which  it  is  imbedded, 
dip  S.W.,  at  12^  to  20^ ;  and  both  the  elvan  and  the 
slate,  are  traversed  by  a  vein  of  quartz,  which  is  two 
feet  wide,  and  dips  W.**  The  elvan  is  much  decom- 
posed :  it  appears  to  be  a  felspar-porphyry,  which  is 
a  very  interesting  circumstance  on  account  of  the 
vicinity  of  the'calcareous  rocks. 

From  Borgotha  to  Truro. 

Froceeding  from  the  granite  hills,  on  the  western 
extremity,  shorlaceous  granite  and  shorl-rock  are  left 
behind  at  Borgotha :  and,  from  the  appearance  of 
the  blocks  scattered  on  the  surface,  the  granular  kind 
of  shorl-rock  here  passes  into  a  compact  variety,  like 
that  of  the  Fat  Work  mine^  near  the  Indian  Queens : 
the  extent  of  the  latter  cannot,  however,  be  ascer- 
tained, as  it  is  not  exposed  to  view. 

As  Ladock  is  approached  the  last  rock  passes  into 
(392.)  horablende-slate :  and  between  this  place  and 
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Tresilian,  near  Trevirbeoj  a  bed  of  massive  stone  oc- 
CUTS,  (393.)  which  slightly  effervesces,  and  probably 
consists  of  compact-felspar,  and  carbonate  of  lime ; 
the  same  kind  of  rock  (394.)  is  also  found  west  of 
Probus :  both  are  traversed  by  veins  of  calcareous 
spar,  and  are  thinly  bespangled  with  scales  of  mica. 
From  Tresilian  to  Truro,  a  glossy  slate  (395.)  pre- 
vails, it  is  of  a  fawn  colour  on  the  upper  part  of 
the  strata,  but  below  it  is  blue,  as  in  No.  396 ;  it 
contains  veins  of  quartz ;  and  also  beds  of  compact 
rock  (397.)  into  which  it  gradually  passes,  and 
which  appears  to  possess  a  larger  portion  of  quarts* 
These  strata  dip  E.  S.  E.,  at  an  angle  of  20q. 

From  St.  Stbphens  to  Ybrtan. 

On  leaving  the  granite  at  Step-aside,  about  a  mile 
north  of  St.  Stephens,  the  slate  formation  is  entered 
on :  here  the  rock  (398.)  is  similar  to  that  of  Roach ; 
it  is  very  prone  to  decomposition,  and  produces  a 
fertile  soil ;  it  is  in  a  more  perfect  state  than  the 
specimen  from  Roach,  but  still  the  nature  of  the 
dark  mineral,  in  the  felspar-base,  is  not  evident. 

The  hill  south  of  St.  Stephens  is  composed  of 
compact  and  slaty  hornblende-rock:  the  former 
(9990  has  not  undergone  much  change;  but  the 
latter,  (400.)  though  still  possessing  considerable 
tenacity,  has  become  of  a  bright  brick  colour  by 
the  oxidation  of  the  iron  in  the  hornblende. 

These  rocks  continue  southward  to  Resugga 
Downs,  which  are  covered  with  blocks  of  stene 
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(401.)  which  is  very  tough,  and  composed  of  com- 
pact^elspar,  with  imbedded  grains  of  limpid  quartz, 
and  full  of  rust^wloured  vesicles  produced,  perhaps, 
by  the  decay  and  removal  of  hornblende ;  these 
blocks  probably  belong  to  a  cross^ourse. 

South  of  this  moot  the  country  becomes  very 
hilly ;  and  at  Trevanion  mine.  Crow  Hill,  the  slate 
(402.)  is  blue,  soft,  and  coarsely  lamellar;  and 
contains  veins  of  quartz  and  chlorite,  with  galena, 
blende,  and  iron-pyrites. 

At  Trevillick,  about  a  mile  north  of  Grampound, 
the  slate  (403.)  becomes  harder,  and  more  splintery ; 
it  is  raised  in  thick  slabs,  affording  a  good  buildii^ 
atone.  The  strata  hete,  and  at  Grampound,  dip 
W.  N.  W.,  at  an  angle  of  35^ 

Oh  the  west  and  south-west  of  GrampouiMi,  the 
slate  (404.)  is  more  regular  and  fissile :  it  is  yellow 
and  soft,  not  unlike  the  slate  at  St.  Minver. 

On  the  top  of  the  first  hill,  on  the  road  from 
Grampound  to  Truro,  is  an  extensive  bed  of  A  coarse 
compact  rock  (405.)  which  has  generally  been  con^ 
ttidered  as  a  characteristic  example  of  grey wacke : 
this  granular  rock  appears  to  be  composed  of  felspar, 
quartz,  and  a  very  minute  portion  of  a  dark  coloured 
mineral :  the  quartz  is  the  predominant  constituent, 
and  imparts  its  mechanical  properties  to  thiis  rock ; 
but  the  presence  of  felspar  is  indicated  by  its  argil- 
laceeuB  appeatance  on  weathering;  when  also  the 
nodules  of  qtiarte  (40^)  become  more  conspicuous. 

At  Tregoose,  itboat  a  mile  north  west  of  the  last 
{dace,  lis  an  extensive  quarry,  in  a  sknilRr  kind  of 


264  Dr.  Boase,  on  the  Central 

rock,  (407.)  though  it  is  of  rather  a  finer  grain :  it 
is  traversed  by  quartz  veins,  and  contains  small 
irregular  veins  or  strings  of  calc-spar.  These  strata 
are  abundant  in  this  part  of  the  county,  and  extend 
east  and  west,  and  dip  to  the  southward,  alternatiog 
with  coarse  blue  slates :  and  they  bear  a  very  strong 
resemblance  to  the  compact  rocks  already  described, 
between  Buckapit  Bridge  and  Tor  Point. 

From  Cornelly  to  Tregoney  the  road  lies  over  a 
fine-grained  blue  slate,  (408.)  very  brittle  and  fissile, 
the  laminae  of  which  have  a  smooth  glossy  surface ; 
it  is  similar  to  the  slate  around  Tresillian.  This 
specimen  was  obtained  at  a  quarry  near  the  western 
end  of  Tregoney  bridge.  On  the  hill  immediately 
south  of  the  town,  the  rock  (409.)  is  bluish,  and 
contains  minute  shining  scales,  like  mica,  which 
substance  appears  to  increase  in  quantity  as  you 
proceed  southward ;  its  laminse  are  thick  and  irregu* 
lar  in  the  upper  part  of  the  stratum ;  it  is  yellowish 
white,  (410.)  softer  and  more  regularly  schistose :  it 
is  in  a  state  of  partial  deeomposition ;  it  is  imbedded 
in  the  same  kind  of  slate  as  No.  408.  A  compact 
rock,  (411.)  similar  to  that  at  Grampound  hill  and 
Tregoose,  occurs  on  the  eastern  side  of  the  town. 

A  mile  south  of  Tregoney,  on  the  Veryan-road, 
near  Hay,  the  slate  (412.)  differs  only  from  the  last 
in  being  somewhat  striated,  not  unlike  that  of  Car- 
green  Point,  on  the  Tamar :  it  contains  a  stratum, 
which  separates  into  thick  plates,  the  cross  fracture 
of  which  is  granular :  this  rock  (413.)  is  interspersed 
with  minute  micaceous  scales ; — No.  414,  is  the  same 
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in  a  decayed  state ;  and  No.  415^  from  the  same 
neighbourhood,  is  of  a  bright  yellow  colour,  and 
more  argillaceous  than  the  last. 

Near  Trengrowse,  about  a  mile  farther  south,  the 
slate  (416.)  is  of  the  same  nature,  dark  blue,  and 
bespangled  with  mica.  This  continues,  wherever 
the  rock  is  visible,  to  Crowan ;  where  a  massive  rock 
(417.)  occurs,  which  is  but  a  modification  of  those  be- 
tween this  place  and  Grampound,  already  described. 
Here  also  the  hedges  contain  large  blocks  that  are 
(418.)  quartzose :  they  must  have  been  derived  some- 
where from  the  adjoining  land ;  for  they  are  too 
large,  where  stone  is  plentiful  on  the  spot,  to  have 
been  brought  from  a  distance :  it  may,  therefore,  be 
presumed  that  the  stratum,  whence  they  were  de- 
rived, is  near  at  hand ;  and  indeed  the  connection 
with  No.  417,  is  so  natural,  and  the  transition,  by 
an  increase  of  silica,  is  so  easy,  that  these  two  are 
probably  part  of  the  same  suite  of  strata. 

Still  proceeding  southward,  on  the  ascent  of  the 
road,  near  Polcouta,  layers  of  limestone  (419.)  pro- 
trude :  they  are  very  thin,  and  imbedded  in  (420.)  a 
coarse  blue  slate.  Both  of  these  rocks  are  traversed 
by  irregular  thick  veins  (421.)  of  quartz,  which  are 
curiously  fretted  into  irregular  cavities,  owing  to 
the  removal  of  calcareous  spar,  which  the  quartz 
contains  in  crystalline  patches  and  veins :  and  it  is 
worthy  of  remark,  that  though  these  minerals  are  so 
opposite  in  their  characters,  yet  they  are  so  blended 
at  the  point  of  union,  that  the  eye  cannot  trace  the 
line  of  demarcation ;  and  indeed  the  quartz  has  a 
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peculiar  opalescent  lustre,  which  possibly  may  be 
derived  from  a  minute  portion  of  carbonate  of  lime 
entering  into  its  composition.  These  strata  of  slate 
and  limestone  dip  E.  of  S.»  at  an  angle  of  about  40°. 

An  account  of  the  limestone  of  Yeryan,  by  the 
Rev.  Samuel  Trist,  has  been  already  published  in  the 
Society's  Transactions,  and  illustrated  by  a  plate. 
This  plate  is,  I  think,  inaccurate ;  because,  if  the 
limestone  of  Polcouta,  of  Yeryan,  and  of  Pendower 
beach,  belonged  to  one  and  the  same  stratum,  in  the 
direction  of  its  dip,  the  hill  of  Polcouta  ought  to 
have  an  elevation  of  about  5,000  feet  above  the  level 
of  the  sea :  for  these  strata  are  inclined  at  an  angle 
of  40°. ;  and  the  distance  between  the  extreme  pointis^ 
is  about  a  mile  and  a  half.  In  the  plate,  the  dip  is 
drawn  at  25°. :  if  it  had  been  at  40°.,  the  error  would 
have  been  more  evident*  Having  examined  the 
strata  on  the  sea-shore,  I  called  on  the  Rev.  S.  Trist, 
and  stated  my  objections  as  above ;  which  he  re- 
ceived with  the  greatest  candour,  and  informed  me 
that  he  had  for  some  time  past  entertained  similar 
doubts,  but  more  important  duties  had  prevented 
him  from  communicating  the  same  to  the  Society. 
He  also  added,  that  he  had  altered  his  opinion  con- 
cerning the  nature  of  the  numerous  blocks  of  quartz- 
rock  scattered  over  the  southern  part  of  the  parish : 
and  he  obligingly  accompanied  me  to  a  place  near 
the  farm-house  of  Came,  south  of  the  Beacon,  where 
these  masses  are  most  abundant,  and  where  this 
rock  is  undoubtedly  in  situ,  projecting  near  the 
crown  of  the  hill,  almost  in  contact  with  an  immense 
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pile  of  detached  masses^  that  lie  immediately  below. 
This  stratum  also  dips  east  of  souths  at  an  angle  of 
about  40^. :  it  (422,  423.)  consists  for  the  most  part 
of  quartz ;  and  is  precisely  of  the  same  nature  as 
the  rock  noticed  ^at  Crowan.  On  its  upper  part,  it 
becomes  more  lamellar,  softer,  and  more  argillaceous  : 
and  there  is  little  doubt,  that  it  ultimately  passes 
into  slate  by  the  gradual  increase  of  the  aluminous 
mineral  with  which  even  the  most  massive  parts  are 
more  or  less  blended. 

To  the  eastward  of  this  place,  not  far,  I  think, 
from  Tregaroenna,  we  visited  a  little  quarry  of  mas- 
sive rock  which  Mr.  Trist  called  greenstone,  on  the 
authority  of  Mr.  Tweedy,  of  Truro.  The  part  of 
the  rock  exposed  is  somewhat  changed,  which  in- 
creases the  difficulty  of  determining  its  nature :  it 
(424.)  has  a  mottled  appearance,  being  composed  of 
a  basis,  which,  like  the  neighbouring  quartz-rock 
and  limestone,  is  of  a  dark  greyish  colour,  and  of  an 
imbedded  white  mineral  in  the  form  of  angular  spoti|, 
patches  and  layers :  throughout  the  mass  are  inter- 
spersed cubes  of  iron-pyrites,  the  impressions  of 
which,  lined  with  ochreous  matter,  alone  remain  in 
those  parts  of  the  rock  which  are  much  decomposed. 
I  did  not  visit  Penare  Point,  but  was  informed  by 
Mr.  Trist,  that  it  is  formed  of  a  similar  kind  of  rock. 

Under  Gwendra,  on  the  shore  of  Creek  Stephen, 
numerous  beds  of  limestone  are  exposed  to  view : 
it  (425.)  has  the  same  characters  as  that  of  Padstow, 
and  other  places  on  the  north  coast :  and  it  alter- 
nates with  a  blue  slate,  (426.)  the  laminae  of  which 
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have  a  silky  and  somewhat  striated  surface^  and  in 
texture  are  irregular  and  a  little  curved :  this  slate 
resembles  that  of  New  Quay  at  Towan  Bay ;  and 
also,  like  it,  decomposes  into  a  light  coloured  slate. 
No.  427.  Between  this  slate  and  the  limestone, 
calcareous  schist  (428.)  occurs,  through  the  medium 
of  which  the  transition  is  effected. 

About  two  or  three  hundred  yards  farther  to  the 
eastward,  is  a  rock  (429.)  which  appears  to  illustrate 
the  composition  of  the  limestone  of  this  district 
It  is  more  crystalline,  innumerable  particles  of  calc- 
spar,  and  of  a  black  mineral  like  hornblende,  being 
diffused  throughout  a  basis  resembling  No.  425, 
and  which,  most  probably,  consists  of  an  intimate 
combination  of  these  substances. 

On  the  western  side  of  these  alternating  beds  of 
slate  and  limestone  (430.)  is  a  stratum  of  massive 
rock.  It  is  situated  below  high  water-mark,  and  by 
the  action  of  the  sea  has  been  fretted  into  ridges, 
the  polished  surface  of  which,  when  wet,  has  a  frag- 
mentary appearance ;  it  is  of  a  dirty  yellow,  and 
soft,  though  tough  under  the  hammer.  It  is  evidently 
in  a  partial  state  of  decomposition,  having  the  same 
relation  to  the  perfect  rock,  as  the  light  coloured 
slate.  No.  427,  has  to  the  blue  slate.  No.  426.  As 
the  unchanged  massive  rock  is  not  here  in  sight,  its 
nature  is  not  obvious ;  but  it  appears  to  me  to  be 
the  same  kind  of  rock  as  No.  424,  already  described, 
as  occurring  near  Penare  Point. 

Such  are  the  interesting  rocks  in  the  vicinity  of 
Yeryan,  and  before  proceeding  farther  I  will  make 
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a  few  more  observations  on  their  geological  relations 
to  each  other.  It  has  already  been  repeatedly  re- 
marked, that  the  massive  rocks,  on  account  of  their 
more  crystalline  structure,  and  consequently  the 
more  distinct  state  of  their  component  minerals, 
form  the  key  to  a  knowledge  of  the  slate-rocks  in 
which  they  are  imbedded :  now,  the  compact  rocks 
of  Yeryan  are  limestone,  quartz-rock,  and  that  kind 
of  felspar-rock.  No.  424,  which  may,  perhaps,  be 
considered  as  a  variety  of  greenstone  for  want  of  a 
better  name.  All  of  these  have  one  thing  in  com- 
mon, viz. — a  partial  or  uniform  intermixture  of  a 
dark  coloured  mineral  in  various  proportions ;  which 
mineral,  on  account  of  its  intima};e  union  with  the 
respective  bases  of  these  rocks,  is  not  apparent ;  but 
in  the  limestone.  No.  429,  (the  only  instance  where 
I  observed  it  even  approach  to  a  dbtinct  form)  it 
resembles  hornblende.  It  happens  in  many  parts  of 
Cornwall,  that  the  mineral,  which  for  a  considerable 
distance  forms  the  imbedded  or  accessory  part  of 
the  mass,  becomes  in  some  strata  the  predominant 
constituent;  but  here  I  in  no  case  observed  the 
hornblende  (if  this  be  the  mineral)  to  attain  to  such 
preeminence,  or  indeed  to  form  any  more  than  the 
colouring  matter  of  the  rock.  It  may,  however,  be 
remarked  that  immediately  north  of  the  greenstone 
quarry,  the  land  is  very  red ;  and  there  rocks,  con- 
taining a  larger  proportion  of  this  mineral,  may 
possibly  exist ;  for  the  soil  is  very  similar  to  that 
derived  from  hornblende-rocks. 

Each  of  these  compact  rocks  gradually  pass  into 
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the  adjoining  slate,  which  partakes  consequently  of 
their  respective  nature :  thus,  near  the  limestone, 
the  slate  is  calcareous ;  near  the  quartz-rock,  it  is 
hard,  brittle,  and  siliceous ;  and  near  the  greenstone, 
more  felspathic  than  at  a  distance  therefrom. 

As  regards  their  geological  position,  I  am  inclined 
to  think  that  this  greenstone,  and  the  slate  into 
which  it  passes,  (but  more  particularly  the  latter, 
which  is  by  far  the  more  extensive  of  the  two)  con- 
stitute this  district;  and  that  the  limestone  and 
quartz-rock,  with  their  respective  varieties  of  slate, 
are  subordinate  thereto.  Thus  we  have  another  In- 
stance of  the  occurrence  of  quartzose  rocks  in  the 
limestone  series.:  but  they  differ  from  those  in  the 
neighbourhood  of  Plymouth  Harbour,  in  being  more 
compact,  and  containing  less  hornblende ; — the  latter 
being  granular,  and  resembling  sandstone. 

The  rock  (431.)  at  Dodman  Point  is  a  blue  glossy 
and  fissile  slate,  abounding  in  massive  quartzose 
layers.  From  Portmellion  to  Mevagissey,  the  slate 
(432.)  is  similar  to  the  last,  and  contains  strata  of  a 
coarse  lamellar  rock,  (433.)  like  No.  413. 

From  Veryan  to  St.  Anthony. 

Proceeding  westward,  along  the  beach  at  the  head 
of  Gerrans  Bay,  we  pass  over  an  extensive  bank  of 
pebbles,  which  are  almost  entirely  of  ^quartz,  or  of 
this  mineral  variously  spotted  and  striped  with  the 
substance  of  slate.  The  cliffs  under  Pendowa  are 
formed  of  diluvial  deposits  of  considerable  thick- 


District  of  CornwalL  271 

ness,  reposing  horizontally  on  the  slate  which  is 
visible  here  and  there  at  the  foot  of  the  cliffy  dipping 
towards  the  sea,  at  an  angle  of  35<>.  This  horizon- 
tal deposit  consists  of  layers  of  different  substances, 
all  of  which  gradually  pass  into  each  other :  the 
inferior  beds  are  consolidated  into  rocks,  some  of 
which  are  much  harder  than  the  slate  on  which  they 
repose,  even  when  this  is  an  unchanged  state.  The 
two  lowest  strata  are  conglomerates,  composed  of 
the  same  kind  of  pebbles  as  cover  the  shore,  inter- 
mixed with  sand,  and  some  scattered  fragments  of 
slate :  one  of  these  layers  is  ferruginous,  and  is  very 
hard,  not  unlike  pudding-stone ;  the  other  is  com- 
paratively soft,  cemented,  perhaps,  solely  by  carbo- 
nate of  lime.  No.  434,  is  from  the  junction  of  these 
layers.  The  upper  layers  (435.)  contain  but  a  small 
portion  of  pebbles  and  fragments,  which  gradually 
diminish  upwards,  until  the  layers  (436, 437.)  consist 
entirely  of  sand :  these  are  friable,  and  of  a  reddish 
brown  colour ;  and  the  sand,  of  which  they  are  com- 
posed, is  not  calcareous,  it  appears  to  consist  of  an 
intimate  mixture  of  siliceous  and  argillaceous  par- 
ticles, interspersed  with  minute  scales  of  mica.  The 
argillaceous  part  gradually  increases  upwards,  till 
it  becomes  a  bed  of  clay :  it  is  only  the  inferior  and 
more  siliceous  beds  that  are  lapidified. 

The  appearance  of  this  stratified  deposit  is  very 
curious  and  interesting.  The  layers  are  about  eight 
or  nine  inches  in  thickness,  and  seldom  exceed  a 
foot :  the  wlu^e  lapidified  part  of  the  deposit  is  not 
more  than  ten  or  twelve  feet.   The  sea,  to  the  action 
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of  which  all  these  layers  of  diluvial  rocks  are  occa- 
sionally exposed,  has  made  considerahle  inroads,  and 
as  in  the  case  of  similar  deposits  on  the  shores  of 
Mount's  Bay  and  Fistral  Bay,  there  is  every  prospect 
that  the  whole  will  be  swept  away  at  no  very  dis- 
tant period.  The  layers  of  softer  rock  have  suffered 
most  from  the  waves,  and  as  these  are  the  upper 
ones,  the  whole  exhibits  the  appearance  of  an  irre- 
gular flight  of  stairs,  the  lowest  of  which  are  very 
broad,  and  in  some  parts,  from  the  removal  of  the 
under  layer,  are  pendant ;  but  such  is  the  tenacity 
of  the  rock,  that  they  will  bear  the  weight  of  the 
body.  Portions  of  the  conglomerate  stand  apart  in 
advance  from  the  cliff,  surrounded  by  the  pebbly 
beach,  thus  marking  the  ravages  of  the  sea :  other 
portions  are  connected  in  the  upper  part,  in  various 
arched  and  fantastic  forms,  affording  a  miniature 
representation  of  the  cliffs  and  headlands,  that  are 
exposed  to  the  full  lash  of  the  ocean. 

It  may  be  enquired, — ^what  is  the  lapidifying  pro- 
cess by  which  these  deposits  have  been  consolidated  ? 
This  is  not  very  apparent ;  but  I  think  that  it  may 
be  after  this  manner.  The  adjoining  rocks,  from 
which  the  debris  have  been  derived,  not  only  con- 
tain oxide  of  iron  as  a  component  part,  but  also 
abound  in  iron-pyrites ;  now,  the  ferruginous  parts, 
being  ponderous,  would  be  deposited  with  the  peb- 
bles and  sand  in  the  lower  portion  of  the  diluvium, 
and  would,  in  process  of  time,  be  converted  into 
carbonate  of  iron :  by  which  substance  this  bed  of 
detritus  appears  to  be  agglutinated. 
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Leaving  the  sea-shore,  and  proceeding  along  the 
road  towards  Gerrans,  the  same  kind  of  slate  as  No. 
426,  continues  as  far  as  Cargurrel,  where  a  quarry 
by  the  road-side  exhibits  a  light  coloured  and  some- 
what massive  rock,  (438.)  which  separates  into  thick 
coarse  laminae,  thickly  bespangled  with  mica:  it 
resembles  No.  414,  at  Hay,  south  of  Tregoney. 

Descending  again  to  the  sea-shore  at  Polcarqick, 
on  the  eastern  side  of  Porth3<?atho  .Cove,  the  beach 
is  covered  with  quartz-pebbles :  the  slate  (439.)  near 
the  village  of  Porthscatho,js  Vei:y  qtiuch  curved,  and 
intersected  by  innumerable,  quartzrveins ;  it  contains 
.beds  of  a  compact  rock,  044O.)  which  is  polished  by 
the  sea,  and  has  very  much  thfs  appearance  of  the 
blue  eUoans  near  Penzance ;  it  is  equally  as  tough, 
but  not  so  hard ;  it  effervesces  freely  with  acids,  and 
contains  veins  of  calcareous,  spar. 

In  the  cliffs,  eastward^of  .this  village,  a  mass  of 
rock  rises. from  the  sea,  at  an.angle  of  45%  attaining 
a  height  of  about  twelve  to  twenty  feet :  above  this 
is  an  immense  mass  of  diluvium;  from  the  bottom 
of  which  project  horizontal  layers  of  conglomerate 
and  red  sandstone,  resembling  Nos.  434, 437 ;  the 
.  exposed  portions  of  these  rocks  are  very  inconsider- 
.able,  {lerhaps  they  are  of  greater  extent,  as  they  are 
buried  under  the  loose  debris  that  has  rundowA 
.from  the  «Uffs  above. 

At.Porth,  about  a  mile  eastward  of  St.  Anthony, 
is  a  slate  (441.)  similar  to  No.  408 :  but  the  most 
interesting  circumstance  here  is  a  bed  of  sand  and 
pebUes.    .When  passing  the  farm-house  of  Porth, 
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I  remarked  on  the  side  of  a  pit,  near  the  hedge, 
several  shells ;  and  knowing  the  sea  to  be  near  at 
hand,  I  concluded  that  they  had  been  derived  from 
sand  brought  here  for  manure.  A  little  farther 
on,  however,  I  noticed  more  shells,  and  in  a  more 
ambiguous  situation ;  and  I  therefore  returned  and 
examined  into  the  matter  more  minutely,  and  found 
several  sections  round  the  farm-yard,  which  clearly 
proved  that  the  hedge,  and  the  cultivated  soil  adjoin- 
ing, rested  on  a  mass  of  diluvium,  composed  of 
regular  beds  of  pebbles  and  sand  ;  the  former  occu- 
pying the  inferior  part  Amongst  the  sand,  the 
shells  were  in  parallel  layers,  and  in  a  perfect  state ; 
and  in  less  than  a  quarter  of  an  hour  I  found  more 
than  thirty  different  kinds  of  shells,  principally 
univalves,  and  all  common  to  the  cornish  shores. 
Porth  is  situated  on  a  narrow  neck  of  land,  about  a 
hundred  yards  from  the  sea  on  one  side,  and  on  the 
other  about  double  this  distance  from  the  head  of 
a  little  creek  extending  from  St.  Mawes'  Harbour : 
and  it  may  be  about  forty  or  fifty  feet  above  the 
level  of  the  sea ;  towards  which  the  diluvial  deposit 
gradually  declines.  The  occurrence  of  shells  in  this 
sand-bank  was  to  me  very  interesting,  as  I  had  never 
been  able  to  detect  any  in  the  similar  deposits  of 
Mount's  Bay.  These  shells  prove  that,,  whatever 
may  have  been  the  original  source  of  the  sand  and 
pebbles,  they  have  been  deposited  in  the  waters  of 
the  ocean : — but  of  this,  more  hereafter. 

Near  St  Anthony,  on  the  side  of  the  road  from 
Porth,  the  rock  is  exposed,  consisting  of  a  blue  slate. 
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(442.)  which  is  fissile^  but  very  brittle,  exactly  like 
No.  408,  at  Tregoney:  and  here  it  also  contains 
(443.)  a  coarse  laminated  rock,  with  scales  of  mica, 
which  is  blue,  in  the  lowest  part  of  the  quarry,  but 
at  the  upper,  is  of  a  dirty  yellow  colour,  (444.)  as  at 
Cargurrel :  it  is  important  to  bear  this  in  mind,  as 
the  partially  changed  rock  has  a  very  arenaceous 
appearance,  and  has  been  mistaken  for  a  perfect  rock. 

At  the  landing-place  of  St.  Anthony,  the  slate 
(445.)  is  curved  and  contorted,  and  much  traversed 
with  quartz-veins;  near  which  the  rock  (446.)  is 
less  fissile,  almost  approaching  to  compact. 

On  the  opposite  side  of  the  creek  at  St.  Mawes, 
the  slate  (447.)  is  similar  to  No.  445 : — and  this  con- 
tinues to  St.  Just,  where  there  is  a  stratum  of  slate, 
(448.)  which  is  harder  than  the  last,  and  more  regu- 
larly fissile :  a  little  farther  north  it  (449.)  is  more 
granular  and  micaceous.  All  these  strata  dip  south- 
ward, at  an  angle  varying  from  25^  to  35^ 

From  Grabipound  to  Pbntuan  and  Charlestown. 

Returning  to  Grampound  and  proceeding  towards 
St.  Austle,  about  half-way  to  Hewas,  blue  slate  (450.) 
juts  out  by  the  road-side ;  the  upper  layers  of  which 
are  partially  decomposed,  and  are  of  a  light  fawn 
colour,  (451.)  with  waved  markings. 

At  Hewas,  the  slate  (452.)  is  similar  to  the  last, 
but  does  not  cleave  into  such  regular  laminse:  it 
decomposes  into  (453.)  a  red  friable  mass. 

At  Sticker,  the  slate  (454.)  is  much  more  fissile, 
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and  18  used  for  roofing,  though  it  affords  hut  an 
inferior  material. 

On  the  side  of  the  steep  hill^  about  a  mile  from 
St.  Austle,  is  a  hed  of  compact  rock  (455.)  resem- 
bling greenstone :  it  dips  north,  at  about  40^. 

l*uming  to  the  right,  in  a  southerly  direction, 
about  half  a  mile  from  the  St.  Austle-road,  is  Pol- 
gooth,  which  is  one  of  the  oldest  tin-mines  in  the 
county.  It  is  worked  in  a  blue  slate  (456.)  ^hich 
breaks  into  short  thick  angular  pieces,  the  jdhits 
and  seams  of  which  are  stained  with  a  white 
clay,  produced  by  decomposition  of  this  rock.  The 
specimen  was  procured  at  a  depth  of  forty  fathoms : 
but  nearer  the  surface  the  slate  (457.)  is  not  so  blae, 
and  is  stained  by  minute  red  veins.  The  slate  next 
the  lodes  is  of  a  darker  colour,  (458.)  it  is  brittle  and 
breaks  so  unerenly,  that  it  is  difficult  to  select  a 
specimen ;  its  surfoce  is  irregular,  and  covered  with 
protuberances,  occasioned  by  nodules  of  quartz  in- 
serted between  the  laminae,  as  is  visible  on  the  cross 
fracture.  The  lodee,  which  are  numerous,  run  north 
of  east,  and  south  of  west :  their  matrix  is  chiefly 
quartz,  which  is  foil  of  cavities  lined  with  crystals 
of  the  same  mineral;  and  it  is  also  intimately 
combined  with  the  substance  of  the  adjoining  slate, 
enveloping  insulated  portions  of  the  same,  which 
are  sometimes  of  considerable  size,  and  are  thra 
termed  by  the  miner  a  horse  qf  killae.  No.  459, 
shews  the  connection  of  the  lode  with  the  slate, 
which  in  this  situation  contains  a  latter  portion  of 
the  colouring  ingredient  of  the  ^ate,  sMaifimes 
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passing  into  hornblende,  at  others  into  chlorite. 
No.  460,  is  copper-ore  from  one  of  these  lode^:  a&d 
Nos.  461,  462,  are  specimens  of  the  tin^Me,  whieh 
is  for  the  most  part  in  minute  prismatic  crystals^ 

The  slate  in  this  mine  is  trarersed  by  two  grei^ 
ehan^oursee:  the  principal  one  is  the  south  ehan, 
whieh  is  exposed  on  the  side  of  the  hill  in  a  large 
quarry ;  it  dips  towards  the  north,  at  an  angle  of 
70^.,  and  is  about  fifty  feet  in  thickness.  The  slate 
adjoining  this  course  is  much  decomposed,  some- 
what like  No.  457 ;  it  is  felspathic,  partaking  of  the 
nature  of  the  etvan. 

I  was  informed  that  both  this  elvan  and  the  loeles 
are  not  regular  in  their  cpurse ;  but  run  in  a  zig-zag 
direction :  that  the  knles,  in  particular,  scarcely  ex- 
hibit any  uniformity  in  their  dip  or  size ;  being  in 
some  places  several  feet  wide,  and  in  others,  dwin- 
dling to  a  mere  thread ;  dipping  generally  towards 
the  north,  at  various  angles ;  and  indeed,  in  some 
cases,  being  even  reflected  towards  the  south: — 
and  lastly,  that  they  are  often  divided  into  innumer- 
able ramifications,  both  longitudinally  and  laterally. 
From  all  these  circumstances,  there  can  be  little 
doubt  that  these  lodes  are  contemporaneous  with 
the  tock  in  which  they  are  imbedded :  indeed  the 
idttmate  manner  in  which  the  slate  and  lodes  are 
Mended  together,  as  seen  in  the  fragments  brought 
to  the  surface,  is  in  favour  of  this  conclusion. 

In  composition  the  south  elvan  (463.)  is  similar  to 
thttt  of  a  fine-grained  granite,  consisting  of  a  basis 
of  granular  felspar,  throughout  which  small  pellucid 
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grains  of  quartz  are  thickly  interspersed;  scales 
of  brown  mica,  and  small,  though  well  defined,  crys- 
tals of  tourmaline  are  also  present.  Some  parts  of 
this  elvan  are  porphyritic^  and  the  crystals  of  felspar 
are  well  formed,  attaining  sometimes  nearly  an  inch 
in  length.  No.  464,  is  from  the  upper  part  of  the 
bed,  and  is  partially  decomposed.  The  north  etoan 
does  not  dip  quite  so  rapidly  as  the  last,  but  in  other 
respects  it  is  similarly  circumstanced.  A  small  por- 
tion of  it  (465.)  is  exposed  at  the  surface :  it  is  a 
yellowish  fine-grained  compact  felspar :  very  friable, 
and  evidently  in  an  altered  state. 

Where  the  road  from  Polgooth  meets  that  of  St. 
Austle,  the  rock  is  exposed  on  the  side  of  the  hill : 
it  (466.)  is  schistose,  and  very  different  from  that  of 
Polgooth,  resembling  that  about  Tregoney  and 
Grampound :  its  dip  is  S.  E.,  at  an  angle  of  4(h». 
It  contains  a  thick  stratum  of  coarsely  laminated 
rock,  (467.)  like  No.  414,  near  Tregoney,  and  No, 
443,  at  St.  Anthony ;  but  it  is  rather  harder,  owing 
to  its  being  more  siliceous :  this  is  particularly  so 
with  No.  468,  at  Pentewan :  the  slate  (469.)  adjoin- 
ing the  latter  partakes  of  the  same  nature.* 

Ascending  the  hill  from  the  latter  place,  by  the 
road  to  Charlestown,  the  slate  (470.)  is  similar  to  the 
last,  but  rather  more  fissile ;  its  dip  is  with  the  fall 
of  the  hill,  viz.  N.  W.,  at  25<».  Before  reaching  the 
Black  Head,  near  the  edge  of  the  clifi*,  is  an  old 
quarry  which  has  been  extensively  worked  as  a 
building  material,  (under  the  name  of  Pentewan 

*    See  Mr.  Colenso's  account  of  Pentewan  Stream-work ,  p.  29. 
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stone)  for  which  purpose  it  is  well  adapted ;  and,  in 
appearance,  it  is  equal  to  the  best  freestone.  I  did 
not  visit  the  present  workings,  which  I  have  since 
learnt  are  at  the  base  of  the  cli£f  near  the  sea,  which 
is  more  convenient  for  shipment.  The  Pentewan 
stone  (471.)  would  be  termed  by  the  miners  an  elvan  ; 
indeed  it  does  not  much  differ  from  the  south  elvan 
of  Polgooth,  from  which  it  is  two  miles  and  a  half 
distant :  it  consists  of  a  basis  of  compact  felspar, 
which  has  less  of  the  yellow  tint  common  to  that  of 
Polgooth,  the  quartz  is  also  transparent,  the  mica 
silvery  and  in  sparingly  scattered  minute  scales.  Its 
dip  appeared  to  be  N.  E.,  at  45^ :  but  as  the  slate 
was  not  visible  here,  it  is  no  easy  matter  to  decide 
which  of  the  parallel  fissures,  dividing  the  rocks  into 
cuboidal  masses,  denotes  the  direction  of  the  strata. 

About  a  mile  and  a  half  from  Pentewan,  the  slate 
(472.)  is  the  same  as  the  last,  though  it  here  dips 
N.  E.,  at  25^  Turning  to  the  right,  and  descending 
to  the  sea-shore,  at  Lower  Porthpean,  the  slate  (473.) 
approaches  to  that  of  Polgooth ;  it  is  of  a  dark  blue 
colour,  and  somewhat  silky,  and  breaks  into  thick 
laminae :  in  the  upper  part  of  the  cliffs  it  is  decayed 
into  a  soft  dirty  coloured  rock,  which  (474.)  is  of  a 
bright  red  in  some  places,  more  particularly  adjoin- 
ing the  quartz-veins  that  traverse  the  slate,  where  it 
(475.)  soils  like  red  chalk. 

The  next  cove,  going  towards  Charlestown,  is  that 
of  Duporth ;  the  southern  part  of  which  is  compo- 
sed of  the  same  blue  slate  as  No.  473.  About  the 
middle  of  it  the  slate  beomes  softer,  and  contains  a 
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bed,  (476,  477.)  which  is  glossy  and  talcose,  of  a 
light  mottled  colour^  and  to  the  touch  has  the  soapy 
feel  of  steatite :  it  easily  cleaves  into  thin  laminae, 
both  sides  of  which. ate  parallel,  but  are  raised  into 
angular  contortions.  A. little  farther  nMthward, a 
small  promontory  juts  out  from  the  cliff:  it  is  foim- 
ed  of  a  massive  rock,  the  lower  part  of  which  is 
finely  polished  by  the  action  of  the  waves.  When  J 
4saw  the  Kev.  S.  Trist,  at  Yeryan,  he  informed  me 
that  at  'Duporth  I  ahould  find  serpentine :  J  am 
much  indebted. to  him/for  without  this  information, 
1  might  have  passed  this  place,  which  is  one  of  the 
most  interesting  in  Cornwall.  This  rock,  (478.) 
though  soft,  is  ivery  tough ;  it  is  not  homogeneous, 
<but  has  a  mottled  appearance,  derived  from  the 
intermixture  of' dark  and  light  coloured  parts ;  the 
latter,  which  is  greyish,  with  a  very  pale  tint  of 
green,  is  the  most  abundant  ingredient,  and  occucs 
;in  the  form  of  imbedded,  irregular,  but. somewhat 
V  angular,  portions,  having  all  the  characters  of  stea- 
tite ;  the  dark  part,  or  the  basis,  I  take  to  be  a  oops- 
^poundof  this  steatite,  and  a  variety  of  horohleode, 
t>r  some  such  analogous  mineral,  the  same  4U3.  con- 
stitutes the  colouring  ingredi^it  of  the  neighbouring 
blue  slate.  This  rock,  (479.)  when  polished  by  the 
sea,  shews  the  manner  in  which  its  component  parts 
are  aggregated.  It  is  traversed  by  numerous  veins 
of  asbestiis,  some  of  which  are  twa  ori  three  inches 
ini  thickness :  these  for  the  most  part  are  si4(iiated  at 
the  joints  between  the  layers  of  the  isock.  This 
mineral  (480,  i481.)  Is    of  a .  greaush :  cei^T,  .and 
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consiste  of  curved  fibres  that  are  not  sufficiently 
coherent  to  admit  of  being  separated.  Like  the 
serpentine  of  the  Lizard,  this  rock  is  marked  on  its 
upper  part  by  veins  and  patches^  (482.)  of  a  dark 
brown  colour;  these  may  be  traced  into  the  asbestus; 
it  is  probable,  however,  that  this  colour  is  not  entirely 
derived  from  the  asbestus,  but  from  some  substances 
accompanying  it  in  the  veins. 

On  the  northern  side  of  this  projecting  mass  of 
rock,  a  parallel  stratum  occurs  on  the  beach,  and 
extends  into  the  cliff  above,  in  the  state  of  a  wet  soft 
clay,  (4'83.)which,  in  other  respects  is  similar  to  the 
magnesian  rock  just  described.  The  next  stratum 
is  firm  and  solid :  it  (484.)  appears  to  differ  from 
No.  478,  in  the  constituent  parts  being  intimately 
blended  together.  The  next  stratum  (485.)  is  of  a 
finer  grain,  and  more  uniform  texture,  and  is  lamel- 
lar :  it  is  in  a  state  of  partial  decomposition.  This 
is  succeeded  by  a  blue  slate  (486.)  similar  to  No.  473, 
at  Porthpean :  it  (487.)  is  softer  and  whitish,  where 
it  comes  into  contact  with  the  magnesian  rock. 

A  few  yards  distant  from  this  little  head-land, 
near  low  water-mark,  several  blocks  of  stone  lie 
scattered ;  it  (488.)  is  a  dark  green  coloured  rock, 
homogeneous  in  its  nature,  more  crystalline,  and 
harder  than  No.  478 ;  it  better  deserves  the  name  of 
serpentine,  than  any  of  these  rocks ;  and  indeed, 
though  not  quite  so  black  as  that  of  Clicker  Tor,  yet 
it  is  not  unlike  it :  this  serpentine  probably  exists 
near  this  spot.  The  blue  slate.  No.  486,  constitutes 
the  cliffs  between  this  place  and  Charlestown. 

VOL.  IV.  N  N 
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From  Chaklestown  to  St.  Austle,  and  the 

Miking  District. 

At  the  back  of  Charlestown  Pier  the  slate  (489.) 
is  blue  like  the  last ;  and  dips  S.  E.,  at  about  SO^. : 
and  a  similar  kind  of  slate  (490.)  continues  beyond 
this  town,  on  the  road  to  St.  Austle.  About  half- 
way between  these  places,  at  an  old  copper-mine,  the 
slate  (491.)  is  still  the  same,  containing  quartz-veins 
(492.)  much  blended  with  chlorite. 

In  the  neighbourhood  of  St.  Austle  the  slate  (493.) 
contains  more  hornblende,  and  is  interstratified  with 
(494.)  compact  hornblende-rock ;  and  these  continue 
north  of  St.  Austle,  as  far  as  the  granite  at  Came 
Shute,  a  little  above  Trewoon,  immediately  under 
St  Mewan's  Beacon ;  from  which  blocks  of  shorl- 
rock  are  scattered  to  a  considerable  distance  in  the 
valley  below ;  there  is  no  mistaking  their  source, 
this  rock  has  such  peculiar  characters. 

Returning  to  Charlestown,  and  proceeding  through 
the  mining  district,  the  same  kind  of  blue  slate  pre- 
vails, as  that  of  Charlestown ;  so  that  it  would  be 
needless  to  describe  the  following  specimens,  farther 
than  marking  their  locality.  Nos.  495,  496,  shte 
and  lode  of  Wheal  Apple  Tree,  immediately  east  of 
Charlestown.  No.  497,  about  a  quarter  of  a  mile 
eastward  of  the  last,  near  some  old  workings.  Nos. 
498,  499,  from  near  the  shafts  of  old  Crinnis  mine. 
No»  500^  from  the  sefhshore,  near  the  last.  No.  fiOl, 
firom  Wheal  Pembroke ;  in  this  mine  the  lodes  are 
compond  Ibr  the  most  part  of  quartz,  which  ia  in 
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such  a  friable  state^  that  even  when  crystallised,  it 
can  be  crushed  and  crumbled  by  the  pressure  of  the 
hand  alone ;  this  appears  to  be  owing  to  the  pre- 
sence of  porcelain-earth  between  the  crystals  and 
the  joints  of  the  same,  derived  most  probably  from 
the  decomposition  of  felspar  which  originally  occu- 
pied its  place.  Nos.  502,  503,  504,  are  specimens 
of  these  lodes,  containing  grey  copper-ore,  both  com* 
pact  and  crystallized ;  the  former  sometimes  occur- 
ring in  large  lumps,  of  which  No.  505,  is  a  specimen. 
I  examined  the  matrix  of  a  great  many  lodes  in 
this  neighbourhood,  and  from  the  mode  in  which  the 
slate  and  quartz  are  in  all  of  them  blended  together, 
after  the  manner  of  that  of  Polgooth,  I  think  that 
there  can  be  no  hesitation  in  pronouncing  the  lodes 
to  be  contemporaneous  with  the  slate. 

From  Carn-Grby  to  Fowby. 

Proceeding  northward  in  the  direction  of  Carclaze, 
on  crossing  the  high-road  between  St.  Austle  and 
Lostwithiel,  the  soil  becomes  redder,  indicating  the 
presence  of  hornblende-rocks,  which  in  a  state  of 
decomposition,  (506.)  jut  out  here  and  there,  by  the 
road-side,  between  this  place  and  the  granite :  and 
imbedded  in  this  occasionally  appear  portions,  which 
are  unchanged,  (507.)  owing  to  their  being  combined 
with  silica,  and  intermixed  with  minute  quartZ'-veins. 

The  granite  first  makes  its  appearance  on  the  side 
of  the  hill,  near  an  old  building  called  Carclaze  Blow- 
ing-house :  it  (508.)  is  rather  fine-grained  and  shorl- 
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aceous;  and  is  partially  decomposed,  the  felspar 
being  earthy.  A  little  farther  north,  the  granite 
(509.)  is  larger  grained,  and  more  perfect,  and  its 
quartz  has  considerable  lustre.  Here,  near  the 
boundaries,  the  granite  contains  large  layers  of  shorl- 
rock,  of  which  the  following  varieties  predominate : 
— No.  510,  abounding  in  shorl;  No.  511,  compact 
shorl-rock,  with  imbedded  crystalline  grains  of  quartz, 
imparting  a  grey  colour ;  No.  512,  alternating  laminae 
of  the  compact  rock,  and  of  quartz,  the  latter  some- 
times graduating  into  compact-felspar.  Granite, 
(513,  514.)  of  the  ordinary  kind,  occurs  between  the 
latter  place  and  Trethurgy :  and  on  the  eastern  side 
of  Cam-Grey  Rock,  it  (515.)  is  porphyritic. 

From  the  village  of  Trethurgy  the  road  runs 
north-east  for  about  a  mile,  and  then  turns  south- 
ward, through  a  valley  which  leads  to  St.  Blazey. 
For  more  than  a  mile  before  reaching  the  latter 
place,  the  valley  is  covered  with  wood ;  the  soil  being 
deep,  with  diluvial  fragments  of  granite  and  shorl- 
rock  abundantly  scattered  throughout.  From  this 
circumstance  it  is  difficult  to  ascertain  where  the 
junction  with  the  slate  is  situated ;  but,  from  the 
appearance  of  the  hills  on  each  side  of  the  valley, 
it  cannot  be  far  distant  from  St.  Blazey.  After 
crossing  the  bridge,^  at  the  latter  village,  the  first 
rock  that  makes  its  appearance  is  at  a  little  tunnel, 
cut  through  the  projecting  foot  of  the  hill  to  convey 
water  to  feed  the  canal.  It  (516.)  is  a  coarse  lamel- 
lar rock,  separating  into  thick  somewhat  rhomboidal 
layers,  as  is  generally  the  cas^  in  the  immediate 
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vicinity  of  granite.  The  surface  of  the  fracture,  in 
the  direction  of  the  laxninss,  is  thickly  bespangled 
with  filmy  scales  of  mica;  the  substance  of  the 
slate,  however,  appears  to  be  chiefly  compact-felspar, 
slightly  and  partially  coloured  by  the  intermixture 
of  hornblende,  or  some  such  mineral.  Its  layers  dip 
S.  E.,  at  an  angle  of  30^.  This  slate  very  much 
resembles  that  which  reclines  on  the  side  of  Kit* 
Hill,  near  Callington :  the  latter,  however,  is  much 
decomposed,  whereas  the  former  is  more  perfect. 

Not  far  from  this  place  are  the  great  Lanescot 
mines,  which  comprising  Fowey  Consols,  are  more 
than  one  mile  in  length,  and  give  employment 
to  between  twelve  and  fifteen  hundred  persons. 
These  mines  are  almost  entirely  worked  by  water- 
machinery,  which  causes  a  very  considerable  saving. 
When  I  was  there,  a  new  machine  for  jigging  the 
ore  had  been  recently  erected,  and  was  then  under 
trial,  with  every  prospect  of  complete  success.  The 
principle  on  which  it  is  constructed  is  very  simple, 
and  is  creditable  to  the  ingenuity  of  the  inventor, 
Mr.  Thomas  Petherick,  who  is  the  manager  of  these 
well  conducted  mines.  It  was  a  bold  undertaking 
to  introduce  a  new  mechanical  power,  which  if  suc- 
cessful would  throw  out  of  employment  two-thirds 
of  the  girls  and  boys  employed  as  jiggers  ;  and  at  a 
time  too,  when  riotous  assemblies  of  the  people  for 
destroying  machinery,  distracted  so  many  parts  of 
the  kingdom,  and  when  even  at  this  place  itself,  the 
miners  had  lately  experienced  considerable  irritation 
on  the  subject  of  wages,  and  the  exportation  of  com. 


286  Dr.  BoASR,  on  the  Central 

The  reason  of  their  passiveness  in  this  instance 
would  be  an  interesting  enquiry :  it  has  been  attri- 
buted to  the  superior  intelligence  of  the  Cornish 
Miner ;  but  be  thb  as  it  msj,  one  thing  is  certain, 
that  in  Cornwall,  where  labour  is  so  expensive,  the 
only  chance  that  the  mines  have  of  competing  with 
those  of  other  countries,  is  in  the  employment  of 
more  perfect  machinery. 

The  slate  (517.)  on  the  north  side  of  the  mine  is 
different  from  that  in  the  neighbourhood  of  Charles- 
town  :  it  is  not  of  an  uniform  blue,  but  of  a  lighter 
colour,  with  dark  blue  spots;  and  it  is  slightly 
bespangled  with  mica :  indeed  it  is  nearly  allied  to 
No.  516,  being,  however,  of  a  blue  colour,  softer  and 
more  fissile.  This  slate  contains,  and  indeed  alter- 
nates with,  beds  of  a  hard  rock  (518.)  which  has  a 
fine-grained  crystalline  texture,  breaks  into  irregu- 
lar thick  laminie,  but  can  scarcely  be  called  schistose ; 
its  colour  is  variegated  with  stripes,  and  clouds  of 
white  and  dark  blue.  At  the  mine  this  rock  is  called 
flinty  slate  ;  but  it  is  a  felspar-rock,  partially  coloured 
by  hornblende,  or  some  such  mineral 

On  the  southern  part  of  the  mine,  the  slate  (519.) 
becomes  more  uniform  in  it&  texture  and  composi- 
tion ;  and  at  the  shallow  levels  it  (520.)  is  whitish 
and  argillaceous.  Near  the  surface,  and  also  adjoin- 
ing the  lodes,  the  slate  is  soft  and  friable,  or  in  the 
state  of  clay :  I  was  likewise  informed  that  even  the 
hard  felspar-rock.  No.  518,  is  a  soft  flucan  next  the 
lode;  a  confirmation,  if  any  be  wanting,  of  its  nature, 
for  flinty  slate  is  incapable  of  this  change. 
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All  these  strata  dip  southward,  at  an  angle  varying 
from  30^.  to  35^.  The  lodes  run  north-east  and 
south-west,  but  are  irregular  in  their  course,  and  in 
their  trnderUe  :  the  largest  ones  are  the  most  regular, 
but  even  these  vary  in  size  at  different  depths, 
and  sometimes  send  off  numerous  ramifications ;  in 
short  they  much  resemble  those  of  Polgooth,  and  of 
the  Crennis  district;  which,  as  already  observed, 
seem  to  be  of  contemporaneous  origin  with  the 
slate.  The  matrix  of  the  lode  (521.)  is  an  intermix- 
ture of  quartz  and  chlorite,  or  a  mineral  nearly  ap- 
proaching thereto:  it  gradually  passes  into  the 
slate,  both  of  the  main  rock,  and  of  those  portions 
that  are  enveloped  in  the  lode ;  No.  522,  is  a  part 
of  the  latter,  through  which  are  scattered  minute 
veins,  both  of  quartz  and  of  crystalline  flesh-coloured 
felspar :  both  of  these,  particularly  the  felspar,  are 
associated  with  yellow  copper-ore,  which  also  occurs 
in  the  slate  in  small  patches  and  veins.  The  lodes 
of  yellow  copper-ore  are  full  of  small  cavities, 
lined  with  crystals  of  quartz,  which  are  thickly 
covered  (523.)  by  crystallized  carbonate  of  iron : 
those  of  grey  copper-ore  (524.)  are  coated,  and 
intermixed,  as  at  Pembroke  mine,  with  white  clay, 
which  is  called  by  the  miner  pryan:  and  at  the 
eastern  part  of  the  mine  the  lodes  contain  a  con- 
uderable  portion  of  blende  (525.)  associated  with 
the  yelfew  copper-ora 

Near  Ty wardreth  the  slate  (526.)  at  the  surficice  is 
somewhat  changed  and  tinged  with  red :  it  resem- 
bka  the  slate  Mo.  474,  of  Porthpean.    At  Pennick, 
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about  a  mile  and  a  half  from  Fowey,  the  slate  (527.) 
is  of  a  deep  red :  and  the  country  around  the  latter 
place  consists  of  a  similar  kind  of  slate  (528.)  con- 
taining beds  of  a  massive  rock,  (529.)  which  appears 
only  to  differ  from  the  former  in  a  larger  portion  of 
silica  entering  into  its  composition. 

From  St.  Blazbt  to  Lostwithibl. 

Returning  to  St.  Blazey,  the  felspar-slate  continues 
for  about  two  miles  from  the  bridge,  on  the  road  to 
Lostwithiel :  then  a  tongue  of  granite  intervenes, 
which  stretches  from  Lanlivery  across  the  road  in 
the  direction  of  Pelyn :  this  granite  (530.)  is  like 
that  of  Cam-Grey.  After  passing  the  turnpike,  near 
the  place  where  this  road  joins  that  of  Bodmin,  the 
slate  again  occurs :  the  granite  then  takes  a  course 
parallel  with  the  Bodmin-road,  towards  Helmintor. 

About  a  mile  before  you  come  to  Lostwithiel,  and 
on  the  right-hand  side  of  the  road,  is  a  large  quarry ; 
the  stone  of  which  (531.)  is  of  the  same  nature  as 
No.  516,  at  St.  Blazey  Bridge.  Around  Lostwithiel 
the  rock,  in  view,  is  a  slate  in  a  state  of  decomposi- 
tion, and  for  the  most  part  tinged  with  red :  it  is 
like  that  which  appears  near  the  surface  at  Lanescot. 

Ascending  the  hill  from  Lostwithiel,  on  the  Bod- 
min-road, the  slate  (532.)  is  of  a  bright  red  colour. 
This  specimen  was  obtained  from  an  old  quarry 
about  half  a  mile  from  the  town :  with  the  exception 
of  colour  it  appears  to  be  of  the  same  nature  as 
Nos.  531, 516.    A  little  farther  on  is  a  large  caitrse 
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of  quartz  and  red  iron-ore,  (533, 534, 535^  536.)  with 
a  little  manganese,  the  iron*ore  forming  the  greater 
part  of  the  mass :  this  course  is  close  to  the  surface, 
and  has  heen  traced  more  than  a  mile,  running  nearly 
north  and  south ;  it  is  about  twenty  feet  in  thickness. 
A  considerable  quantity  of  this  iron-ore  has  been 
exported  within  the  two  or  three  last  years ;  it  hav- 
ing been  found  not  only  very  productive,  but  also  of 
great  advantage  in  facilitating  the  reduction  of  the 
clay  iron-stone :  by  acting,  no  doubt,  as  a  flux,  its 
siliceous  basis  uniting  with  the  alumina  of  the  other 
ore ;  on  the  same  principle  as  the  copper-smelters 
have  experienced  the  benefit  of  mixing  those  ores, 
the  matrices  of  which  are  dissimilar.  This  course  is 
of  the  same  description  as  that  near  Indian  Queens ; 
in  which  manganese  predominates  in  large  bunches, 
and  for  which  mineral  it  was  solely  worked:  the 
remainder  of  this  lode  is  probably  as  rich  in  iron  as 
that  of  Lostwithiel ;  but  its  situation,  requiring  an 
expensive  land-carriage,  would  preclude  its  being 
worked  with  equal  advantage. 

In  concluding  this  chapter,  it  may  be  observed, 
that  the  Central  differs,  in  many  respects,  from  the 
Eastern  District :  its  granite  presents  greater  varie- 
ties, is  not  so  elevated,  and  is  more  metalliferous ; 
and  its  schistose  rocks  want  the  fine  roofing  slate 
of  Delabole,  the  homblendic  limestone  of  Grylls, 
and  the  pyritous  shales  of  Boscastle ;  but,  on  the 
other  hand,  they  are  rich  in  tin  and  copper-ores. 
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CHAP.  III. 

ON  THE  GEOLOGY   OF  THE  CARNBREA   DISTRICT 

OF  CORNWALL. 


Under  this  head  is  included  that  part  of  Corn- 
wall which  lies  between  the  Central  District,  and  a 
line  drawn  from  St.  Ives  Bay,  due  south,  through 
the  creek  of  St.  Erth,  and  terminating  at  Cnddan 
Point,  in  Mount's  Bay.  In  extent  the  Carnbrea 
District  Js  not  equal  to  the  Eastern  District :  but 
though  inferior  in  this  respect,  its  numerous  mines 
and  extensive  sea-cliffs,  afford  more  frequent  oppor- 
tunities for  examining  its  structure ;  and  its  serpen- 
tine, at  the  Lizard,  is  an  object  of  peculiar  interest. 

From  Carn-Marth,  near  Redruth,  to  St.  Agnes  : 

AND  THENCE  TO  ClIGGA  PoINT. 

The  granite  approaches  very  near  to  the  eastern 
side  of  Redruth ;  and  one  branch  of  it  stretches  out 
from  the  main  mass,  and  crosses  the  Truro-road,  near 
the  turnpike;  but  soon  declines  rapidly  towards 
the  north,  near  Cardrew  copper-mine.  This  rock 
(537.)  is  large-grained  and  crystalline ;  and  of  that 
kind  which  predominates  in  the  eastern  district,  and 
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which  indeed  is  comraon  to  each  of  the  granitic 
patches,  and  may,  therefore,  be  regarded  as  the  type 
of  cornish  granite. 

On  the  upper  part  of  Cardrew  mine,  the  slate 
(538.)  is  whitish,  soft,  and  evidently  in  a  state  of 
disintegration.  The  perfect  rock  (539.)  is  dark  blue, 
hard  and  brittle,  abounding  with  minute  shining 
scales,  arranged  parallel  with  the  lamins  of  the  rock; 
and  which  appear  to  be  mica,  or  a  mineral  of  a  simi- 
lar nature.  This  thick  lamellar  slate,  as  will  be  seen 
in  the  sequel,  abounds  near  the  junction  of  the 
granite  and  the  slate. 

The  lodes  of  Cardrew  mine  run  nearly  east  and 
west,  underlying  north :  they  are  (540.)  composed 
chiefly  of  quartz  blended  with  earthy  and  crystalline 
chlorite ;  throughout  which  the  copper-ore  is  scat- 
tered ii)  strings  and  bunches.  Between  the  lodes  and 
the  country  (and  also  in  detached  portions  included 
in  the  lode  itself,)  the  rock  is  more  slaty,  (541.)  re- 
sembling chlorite-schist ;  and  in  many  places  this  is 
so  penetrated,  and  intersected  by  quartz,  that  it  (542.) 
has  the  appearance  of  fragments  cemented  by  quartz. 
The  schist  passes  into  the  rock.  No.  539,  by  becom- 
ing more  felspathic.  This  mine  abounds  in  elvans ; 
and,  if  I  am  rightly  informed,  they  have  similar  bear- 
ings to  the  lodes :  the  intimate  connection  of  these 
with  the  country  is  evident  on  inspecting  the  frag- 
ments at  the  surface  of  the  mine.  The  slate  (543.) 
adjoining  the  elvan  is  harder  than  No.  539,  and 
intermixed  with  irregular  strings  and  layers  of  quartz 
and  of  compact-felspar :  and,  in  like  manner,  the 
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between  them  a  deep  and  narrow  guUey,  through 
which  a  little  mill-stream  runs.  On  the  St.  Agnes 
side,  a  little  way  up  the  hill,  is  Wheal  Charlotte  mine, 
not  now  working :  the  rubbish  at  the  shaft's  mouth, 
with  the  exception  of  the  fragments  of  the  quartz- 
lodes,  is  fast  crumbling  into  a  whitish  clay ;  the  most 
perfect  piece  of  rock,  that  I  could  obtain,  is  (557.) 
white,  obscurely  mottled  with  grey,  it  is  massive  and 
rather  hard,  and  is  evidently  derived  from  a  bed  of 
compact-felspar.  It  is  probable  that  the  adjoining 
ravine  has  been  excavated  in  this  rock  in  conse- 
quence of  its  decaying  more  rapidly  than  the  slate. 

Along  the  north-west  side  of  St.  Agnes  Beacon, 
the  slate  (558.)  prevails,  but  is  seldom  met  with  in 
a  perfect  state :  it  has  the  appearance  of  a  coarse 
granular  felspar-slate.  The  beacon  slopes  rapidly, 
but  gradually,  down  to  this  point ;  and  thence  north- 
ward to  the  sea,  the  ground  is  more  level  than  is 
usual  in  Cornwall.  At  the  foot  of  the  beacon  is 
Wheal  Coates  tin-mine,  situated  in  an  elvan,  a  fel- 
spar-porphyry, the  base  of  which  is  granular :  some 
parts  of  it  (559.)  contain  large  crystals  of  felspar,  and 
coarse  transparent  grains  of  quartz,  with  a  few 
minute  scales  of  mica ;  and  others  (560.)  resemble 
granite :  as  is  of  very  common  occurrence  in  the 
centre  of  extensive  beds  of  felspar-porphyries.  The 
two  kinds,  Nos.  559,  560,  are  said  to  alternate ;  the 
former  is  softer  than  the  latter,  on  account  of  its 
being  extensively  decomposed,  forming  on  a  small 
scale  a  bed  (560a.)  of  china-clay,  which  is  of  a  bad 
quality,  being  more  or  less  stained  by  metallic  sub- 


District  of  Cornwall.  296 

stances  :  it  is  employed  as  a  coating  for  the  bottom 
of  furnaces.  This  elvan  is  of  considerable  extent, 
and  may  be  seen  following  the  course  of  the  hollow 
which  runs  westward  towards  the  sea  for  nearly  a 
mile,  and  dips  northward. 

The  miners  are  of  opinion,  that  this  elvan-course 
is  a  continuation  of  that  at  Cligga  Point :  but  I  could 
not  satisfy  myself  that  this  statement  is  correct ;  for 
on  referring  to  the  map  it  will  be  seen  that  the  elvan 
ought  to  traverse  Wheal  Pye  mine,  in  which,  how* 
ever,  it  has  not  been  detected. 

On  ascending  the  beacon  the  side  of  the  hill  is 
covered  with  fragments  of  decayed  slate,  and  of 
quartz.  The  former  (561.)  is  stained  of  a  rust-colour 
at  the  joints,  and  thickly  spotted  with  the  same  on 
a  whitish  ground ; — it  resembles  slaty  felspar.  The 
upper  part  of  this  hill  is  formed  of  (562.)  a  dark 
brown  rock  which  is  fine-grained,  compact,  and  very 
tough.  The  summit  of  the  beacon  is  a  large  mound 
of  loose  stones,  and  is  apparently  the  work  of  man. 
About  twenty  feet  below  this  on  the  southern  side 
the  rock  (563.)  projects,  evidently  underlying  north- 
ward, at  about  40<'.  Descending  towards  the  north- 
east, the  same  reddish  slate  as  No.  561,  is  scattered 
over  the  surface ;  and  the  fragments,  at  Wheal  Pye 
mine,  exhibit  the  rocks,  which  form  the  hill  of  the 
beacon,  in  a  perfect  state :  No.  564,  is  a  light  blue 
slate,  with  dark  coloured  crystalline  spots,  which 
possibly  consist  of  the  colouring  mineral,  but  its 
nature  is  not  apparent ;  No.  565,  similar  to  the  last, 
but  more  compact  and  covered  with  minute  shining 


296  Dr.  BoASK,  on  tJie  Carnbrea 

specks ;  No.  566,  a  hard  massive  stone  of  a  light 
blue  colour  and  uniform  texture^  which  alternates 
with  the  slate ;  No.  567^  is  a  silky  blue  slate  wi^h 
minute  veins  of  silvery  talc :  all  of  these  appear  to 
consist  chiefly, of  compact-felspar^  combined  with 
variable  proportions  of  silica,  such  as  is  frequently 
met  with  in  the  rocks  near  granite. 

The  whole  of  this  neighbourhood  is  very  interest- 
ing ;  but  there  is  no  part  of  it  so  curious,  or  so 
difficult  to  account  for,  as  the  various  diluvial  de- 
posits on  the  northern  side  of  the  beacon :  these 
consist  of  alternating  beds  of  sand  and  clay,  and  are 
situated  three  hundred  feet  above  the  level  of  the 
sea,  which  is  not  far  distant.  These  deposits  occur 
near  the  base  of  the  beacon  where  the  ascent  becomes 
highly  inclined  and  continuous.  They  have  been 
worked  at  several  places,  and  judging  from  the  situ- 
ation of  these  pits,  they  are  arranged  around  the  foot 
of  the  hill  in  a  semi-circular  form.  In  order  to  select 
one  of  these  excavations  for  description,  I  will  take 
that  which  lies  due  north  of  the  beacon.  Immedi- 
ately beneath  the  scanty  vegetable  soil,  is  a  layer, 
varying  from  one  to  two  feet  in  thickness,  of  loose 
earth,  containing  fragments  of  rocks  similar  to  those 
in  the  adjacent  hill :  and  indeed  this  forms  the  sub- 
soil from  the  side  of  the  beacon  to  the  cliff,  becoming 
deeper  as  it  approaches  the  latter.  Beneath  the 
sub-soil  is  a  bed  of  fine  siliceous  sand,  (568.)  ten 
feet  in  depth :  this  sand  is  of  a  light  yellow  colour, 
and  consbts  of  two  kinds ;  the  one,  pure  white,  and 
transparent;  the  other,  yellow,  and  8emi«<^»aque : 
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it  contains  some  minute  particles  of  black  shorl,  but 
it  appears  to  be  quite  free  from  aluminous  and  cal- 
careous earths,  and  from  organic  remains. 

This  Uiyer  rests  on  a  dark  ochreous  coloured  sand 
(569.)  of  about  two  feet  in  depth;  when  first 
raised  it  is,  in  a  slight  degree,  plastic,  and  <m  drying 
retains  the  form  given  it,  but  crumbles  down  on  the 
least  pressure,  or  when  thrown  into  water:  when 
examined  through  the  lens,  it  is  found  to  have  the 
same  composition  as  the  last,  differing  only  in  a 
minute  quantity  of  ochreous  clay  being  interposed 
between  its  particles.  It  is  possible  that  both  these 
beds  of  sand  were  of  the  same  origin ;  the  ferruginous 
clay-like  matter  having  been  subsequently  carried  to 
the  lower  part  of  the  stratum  by  the  percolation  of 
rain-water.  Under  this  sand  is  a  stratum  of  blue 
clay  (570.)  about  a  foot  in  thickness.  It  is  very 
tough  and  adhesive,  and  so  firm  that  it  is  cut  with  a 
broad  chisel  into  square  lumps ;  when  dry  it  is  of  a 
light  chocolate  colour,  mottled  with  irregular  black 
markings ;  it  has  an  oily  rancid  smell,  like  putty, 
which  is  not  increased  by  being  breathed  on,  nor 
does  it  emit  an  argillaceous  odour :  it  is  soft  and 
greasy  to  the  touch,  and  readily  takes  a  polish ;  it 
imbibes  moisture  greedily,  adhering  strongly  to  the 
tongue ;  and  when  thrown  into  water  it  swells  and 
iUls  into  a  soft  paste;  when  calcined  it  becomes 
light  coloinred,  and  loses  its  rancid  odour.  The  pecu- 
liar properties  of  this  clay  appear  to  be  derived  from 
a  strong  impregnation  of  animal  matter. 

Immediately  beneath  the  last  is  another  bed  of 
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clay  (571.)  three  feet  in  thickness,  called  by  the 
workmen  furnace  clay :  it  is  whitish  and  plastic,  but 
falls  into  pieces  on  drying,  which  are  easily  reduced 
to  an  impalpable  powder  between  the  fingers.  It 
emits  a  strong  argillaceous  odour  when  breathed  on. 
Both  these  layers  of  clay  appear  to  pass  gradually 
into  each  other  at  the  point  of  contact ;  and  when 
the  former  is  divested  of  its  animal  matter,  it  resem- 
bles the  latter. 

Below  this  clay  is  a  bed  of  sand,  seven  feet  in 
depth :  it  (572.)  differs  only  from  the  upper  siliceous 
sand  in  being  nearly  of  a  pure  white.  Lastly,  this 
sand  rests  on  a  loose  rubbly  layer  which  is  of  variable 
thickness,  and  is  similar  to  the  subsoil ;  this  detritus 
is  said  to  repose  on  the  solid  rock. 

It  would  be  tedious  to  describe  all  these  pits,  suf- 
fice it  to  say,  that  their  contents  vary,  both  in  the 
relative  thickness  of  their  beds,  and  in  their  number ; 
for  in  some  the  intermediate  stratum  of  clay  is  want- 
ing. It  struck  me  as  curious,  that  at  the  two 
principal  pits,  in  which  clay  was  present,  a  ridge 
intervened  between  the  hill  and  these  deposits ;  in- 
deed this  is,  in  some  measure,  the  case  around  this 
side  of  the  beacon,  but  in  these  places  it  is  parti- 
cularly prominent.  On  this  ridge  there  is  only  a 
shallow  fragmentary  layer  over  the  solid  rock ;  and 
as  it  is  only  about  fifty  to  one  hundred  feet  removed 
from  the  pits,  the  ground  here  has  the  form  of  a 
trough  or  basin.  Such  is  a  brief  account  of 
interesting  spot ;  it  would  be  suflBciently 
to  offer  a  solution  of  it,  even  if  it  were  situated  near 
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the  present  level  of  the  sea ;  but  at  an  elevation  of 
three  hundred  feet  above  the  sea,  we  must  call  in  the 
aid  of  such  an  elevating  power,  which  the  other 
cornish  phenomena  do  not  seem  to  require. 

In  an  economical  point  of  view,  these  beds  are 
important :  the  tough  clay  is  used  in  the  mines  for 
various  purposes,  and  is  exported :  and  the  yellow 
and  white  sands  are  extensively  employed  in  the 
composition  of  stuccoes,  for  which  purpose  they  are 
of  very  superior  quality. 

From  St.  Agnes  to  Trevaunance  Quay,  the  same 
slate,  (573.)  as  at  Wheal  Pie,  prevails :  and  in  it  are 
worked  several  extensive  mines :  it  may,  however, 
be  remarked  that  the  matrix  of  the  lodes  (574.) 
consists  chiefly  of  quartz  and  shorl,  or  of  an  intimate 
mixture  of  these  minerals,  forming  what  has  been 
elsewhere  termed  compact  shorl-rock  ;  a  substance 
exceedingly  common  to  lodes  in  or  near  the  granite. 
Along  the  sea-shore  (eastward)  the  cliffs  are  in  a 
very  ruinous  state ;  the  slate  decays  rapidly,  falls 
down  in  great  masses,  and  is  soon  dispersed  when 
once  within  the  action  of  the  waves :  but  the  harder 
and  more  siliceous  (575.)  rocks,  (which  alternate  with 
the  slate,  and  which  are  intimately  united  with,  and 
intersected  by,  quartz)  lie  piled  on  each  other  in 
large  rounded  masses;  rendering  the  shore  very 
rugged  and  difiBcult  to  pass  over.  Here,  a  large  and 
elevated  pile  of  rocks,  which  at  one  time  evidently 
formed  a  projecting  part  of  the  clifi^,  is  now  insulated : 
thus  shewing  the  more  durable  nature  of  the  mas- 
sive rock  of  which  it  is  composed :  both  here,  and 
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and  on  the  adjacent  rocks,  the  polished  surface  is 
striped  with  whitish  and  dark  blue  bands ;  the  alter- 
nating laminae,  varying  in  composition ;  as  if  the 
blue  colouring  matter  had  not  been  equally  diffused. 
This  is  of  very  frequent  occurrence  in  Cornwall, 
more  particularly  in  those  rocks  in  which  compact- 
felspar  abounds;  but  this  appearance  being  only 
exhibited  on  the  edges  of  the  laminae,  it  is  not  easy 
to  obtain  a  hand  specimen ;  in  consequence  of  the 
cross  fracture  requiring  such  a  blow,  as  separates  all 
the  laminae  from  each  other. 

Proceeding  along  the  cliff,  from  each  projecting 
head-land,  the  upper  part  of  the  rocks  is  seen  to  be 
in  a  state  of  decomposition,  as  shewn  hj  their  bright 
red  colour ;  but  it  is  dangerous  to  approach  too  near 
the  edge  of  the  cliff,  for  even  the  weight  of  the 
body  might  detach  large  masses.  Many  examples 
occur  here  of  the  encroachment  of  the  sea  on  the 
land,  although  its  attacks  are  directed  against 
perpendicular  rocks,  two  or  three  hundred  feet  in 
height  In  some  instances  the  portions  of  diff  de- 
tached are  very  large :  I  measured  one  mass  which 
was  divided  from  the  main  land  by  a  continuous 
chasm,  more  than  a  foot  in  width,  and  found  it  to 
average  thirty  feet  in  thickness,  and  more  than  two 
hundred  feet  in  length ;  if  to  this  be  added  the 
height  of  the  cliff,  what  a  rapid  career  of  destruction 
is  here  indicated.  This  destructive  process  appears 
to  be  effected  thus ; — ^the  laminae  of  the  slate  dip 
frem  the  sea  southward,  and  are  traversed  at  certain 
distances  by  perpendicular  joints,  which  become 
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more  developed  during  the  progress  of  decomposi- 
tion, so  as  to  exhibit  distinct  seams :  the  cohesion 
of  the  rock  being  thus  destroyed  above,  and  the 
base  of  the  cliff  being  at  the  same  time  undermined 
by  the  action  of  the  waves,  the  layer  of  rock  cannot 
support  its  own  weight ;  it  separates  more  and  more 
at  the  top  of  the  cliff,  till  at  last  it  comes  without  its 
centre  of  gravity,  and  is  precipitated  into  the  sea. 

On  the  side  of  the  cliff,  leading  from  Wheal  Pru- 
dence mine  down  to  the  sea,  I  obtained  the  following 
specimens : — No.  576,  a  slate  of  a  deep  red,  and 
much  disintegrated ;  Nos.  577,  678,  the  same  of  a 
bright  salmon  colour,  silky  lustre,  and  its  cohesion 
not  sensibly  impaired ;  No.  579,  slate  which  is  not 
quite  perfect,  but  in  which  the  red  colour  has  nearly 
disappeared ;  No.  580,  581,  the  perfect  rock,  a  blue 
slate,  of  a  more  homogeneous  texture  than  that 
around  St.  Agnes. 

Along  these  cliffs  irregular  beds  of  a  granitic  elpan 
may  be  seen  traversing  the  slate :  and  amongst  the 
breakers  the  same  kind  of  rock  may  also  be  easily 
distinguished.  A  little  beyond  Wheal  Prudence 
mine,  at  Hanover  Cove,  this  stone  is  extensively 
quarried:  there  are  several  kinds  lying  side  by 
side,  in  distinct  layers  of  considerable  thickness,  and 
which  dip  north,  at  an  angle  of  about  65^  Some  of 
these  Are  softer  than  others,  as  at  Wheal  Coates, 
sear  St.  Agnes  Beacon,  in  consequence  of  their  being 
more  disintegrated ;  and  have  been  deeply  excavated 
by  the  sea,  leaving  the  harder  kinds  projecting  in 
thick  tabular  masses;  which  for  awhile  resist  the 
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destructive  action  of  the  elements,  but  which,  as  the 
ponderous  ruins  at  their  base,  and  their  own  shat- 
tered and  serrated  appearance  indicate,  must  soon 
succumb  to  the  incessant  attacks  to  which  they  are 
subjected.  I  have  seen  no  part  of  the  sea-coast  of 
Cornwall,  where  the  destructive  influence  of  the 
waves  is  so  well  illustrated. 

These  ehans  are  felspar-porphyries,  consisting 
of  a  base  of  coarse  granular  felspar,  with  imbedded 
crystalline  felspar,  granules  of  quartz,  minute  scales 
of  mica,  and,  not  unfrequently,  crystals  of  shorl. 
They  exhibit  the  following  varieties  : — an  uniform 
mixture  (682.)  of  a  dirty  grey  colour,  called  by  the 
quarrymen  blue  elvan;  lighter  coloured  (583.)  than 
the  last,  containing  white  crystalline  felspar ;  it  works 
well  like  free-stone,  but  does  not  look  as  if  it  would 
bear  exposure  to  the  weather ;  a  much  harder  rock 
(584.)  with  flesh-coloured  felspar  and  shorl,  in 
radiated  groups  of  crystals ;  Nos.  585,  586,  are  in  a 
decomposed  state,  the  former  quite  white  and  ap- 
parently derived  from  a  rock  similar  to  No.  583,  the 
latter  full  of  irregular  cavities  stained  with  ochre,  it 
has  been  used  for  lining  furnaces.  The  slate  (587.) 
adjoining  these  elvans  consists  for  the  most  part  of 
compact-felspar,  with  dark  coloured  spots,  which  are 
more  distinct  than  in  the  slate  of  Wheal  Coates,  re- 
sembling more  that  at  Roach,  and  St.  Stepheqs  ;  still 
the  nature  of  the  mineral  that  forms  these  spots  is 
not  evident.  Nearer  to  Cligga  Point,  this  slate 
contains  beds  of  compact-felspar,  (588.)  the  same  as 
that  at  Wheal  Charlotte ;  and  like  it  also,  it  is  exten- 
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sively  decomposed :  some  of  the  harder  parts  (589.) 
hakre  the  dark  coloured  curved  and  contorted  mark- 
ings, so  common  in  the  rocks  of  St.  Dennis,  near 
Indian  Queens :  the  dark  parts  owe  their  colour,  I 
think,  to  an  intimate  union  with  shorL 

These  various  beds  of  elvan  run  nearly  east  and 
west,  in  the  direction  of  Wheal  Leisure  mine :  in 
the  southern  part  of  which,  it  is  said  to  have  been 
lately  discovered.  At  Cligga  Point  these  felspar- 
rocks  are  succeeded  by  a  large  mass  (590,  591,  592.) 
of  granite ;  that  is,  of  a  crystalline  rock,  composed 
of  felspar,  quartz,  and  mica,  like  the  granite  of  the 
central  groups :  it  also  contains  (593, 594, 595.)  large 
porphyritic  crystals  of  felspar,  both  red  and  white. 
At  the  southern  part  of  the  promontory  of  Cligga, 
is  situated  the  old  workings  of  the  Great  St.  George 
mine :  the  rubbish  around  its  shafts  only  exhibit  the 
matrix  of  the  lode,  which  consists  of  quartz,  and  a 
dark  coloured  compact  substance,  (596.)  probably  a 
compound  of  quartz  and  chlorite.  At  a  shaft,  about 
half  a  mile  beyond  the  southern  extremity  of  this 
mine,  slate  (597.)  again  occurs ;  and  is  exactly  the 
same  as  that  in  the  cli£fs  near  Wheal  Prudence :  and 
indeed  from  its  position  it  may  be  a  continuation  of 
the  same  stratum,  lying  south  of  the  great  ehan- 
courses.  At  the  present  workings  of  the  Great  St. 
George^  near  Wheal  Leisure  mine,  the  slate  (598, 
599.)  is  a  spotted  felspar,  like  that  of  the  mines  near 
St.  Agnes :  it  is  also  traversed  by  (600.)  a  similar 
compact  rock ;  but  it  does  not  contain  any  ehans, 
Uke  those  of  Cligga. 
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From  St.  Agnes  to  Chasbwater  and  St.  Day. 

The  southern  side  of  St  Agnes  Beacon  is  owre 
precipitous  than  any  other;  and  is  rugged  from 
several  projecting  ledges  of  rock,  which  is  of  that 
massive  kind  ahready  described.  For  two  miles 
southward,  the  rocks  are  very  similar  to  those  of 
Wheal  Pie  and  Great  St  George,  as  may  be  seen  in 
the  specimens  (601, 602.)  from  Prince  Royal  mine, 
near  Mount  Hawke<  Crossing  Prince's  Common,  a 
most  desolate  scene  meets  the  eye ;  the  surface  is 
covered  with  small  fragments  of  red  decomposing 
slate,  largely  intermixed  with  pieces  of  quartz ;  the 
uniformity  of  this  desert  (which  extends  for  many 
miles  to  the  right  and  left)  is  only  broken  by  the 
numerous  heaps  of  rubbish,  the  remains  of  former 
mining  operations.  The  fragments  of  rocks,  thus 
exposed,  (603.)  are  of  a  bright  red ;  and  are  derived 
from  a  slate  similar  to  that  which  succeeds  the  fids- 
par*rocks  north  of  Cardrew. 

Descending  into  a  little  valley  at  Blackwater,  slate 
and  compact  rock  (604,  605.)  present  themselves  in 
a  section  afforded  by  a  ravine.  In  this  valley  culti- 
vated fields  and  i^  few  trees  gladden  the  eye ;  but 
this  oans  is  of  little  extent;  for  a  steep  ascent 
leads  again  to  the  common,  which  extends  as  far  as 
Chasewater,  over  rocks  (606,  607.)  of  the  same 
character  as  No.  603.  At  Wheal  Busy  mine,  the 
perfect  slate  (608.)  may  be  obtained ;  it  is  of  a  dark 
Uue,  and  precisely  the  same  as  No.  550,  near  Car- 
drew.    The  lodes  (609.)  here  consist  principally  of 
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quartz,  and  of  that  coloured  substance  (capel  of 
the  miner)  ^'hich  appears  to  be  an  intimate  union  of 
quartz  with  a  portion  of  the  slate ;  and  which  is  of 
very  frequent  occurrence  in  the  metalliferous  veins 
of  this  county.  I  omitted  to  bring  away  speci- 
mens of  the  elvans :  those  that  I  saw  were  of  two 
kinds ;  the  one,  a  granular  compact-felspar,  with 
imbedded  granules  of  quartz,  and  spicula  of  a  dark 
mineral  like  shorl ;  and  the  other,  a  dark  coloured 
and  very  hard  substance,  almost  entirely  siliceous, 
and  containing  disseminated  yellow  copper-ore.  In 
the  collection  of  elvans  presented  to  the  Society  by 
Mr.  Carne,  there  are  specimens  of  both  these,  under 
the  names  of  tohite  and  black  elvans,  and  also  of  a 
third  kind  called  red  elvan. 

A  little  south  of  Chasewater,  at  Creag  Braws,  a 
course  qf  elvan  has  been  extensively  quarried  in  the 
direction  of  the  bed :  it  runs  nearly  east  and  west, 
and  dips  northward,  at  about  40^,  as  is  shewn  about 
the  middle  of  the  quarry,  where  the  elvan  is  seen  in 
contact  with'  the  slate,  which  is  red,  and  much  dis- 
integrated. This  elcan  is  a  felspar-porphyry,  vary- 
ing, as  usual,  in  different  parts  of  the  bed :  some  of 
its  layers  (699a.)  have  a  basis  of  grey  compact-felspar, 
containing  white  decomposing  felspar,  which  is 
rarely  in  distinct  crystals :  the  greater  part  (610.)  of 
this  elvan,  however,  has  only  imbedded  granules  of 
quartz^  and  numerous  crystalline  groups  of  a  dark 
mineral,  which  decomposes  into  ochreous  spots. 
The  upper  part  of  this  elvan  (611,  612.)  has  acquired 
a  yellow  colour,  and  is  completely  disintegrated. 

VOL.  IV.  Q  Q 
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That  part  of  Poldice  mine,  which  is  entered  on 
from  Chasewater,  is  situated  in  a  slate  similar  to 
that  last  noticed.  Here,  as  at  most  of  the  large 
mines,  it  is  not  easy  to  see,  at  the  surface,  perfect 
specimens  of  the  rocks ;  for  even,  where  an  air-^hqft 
has  been  recently  sunk,  the  fragments  of  the  caunirf 
are  soon  buried  beneath  the  fragments  of  the  loties. 
The  only  heaps  of  slate  (613.)  that  I  saw  here,  were 
in  a  state  of  disintegration,  and  of  a  dark  red  colour ; 
but  even  in  this  state  it  is  evidently  different  from  that 
around  Chasewater,  being  full  of  dark  coloured  spots 
resembling  that  of  Cligga,  and  other  places  adjacent 
to  the  granite.  That  part  of  the  mine,  next  to 
St.  Day,  is  in  another  kind  of  rock,  compact^felspar, 
which  (614.)  is  like  that  at  Wheal  Coates,  and  is  abun- 
dantly intermixed  with  granitic  elvans.  A  hard  and 
very  tough  rock,  of  a  purplish  colour,  (615.)  im- 
mediately succeeds  the  last;  it  breaks  into  thick 
laminse,  the  surface  of  which  is  copiously  studded 
with  minute  shining  particles.  It  appears  to  be  a 
variety  of  compact-felspar,  laminated  by  minute 
scales  of  mica,  or  some  such  mineral.  Some  geolo- 
gists have  considered  this  rock  to  be  a  species  of 
gneiss ;  it  does  indeed  bear  the  same  relation  to  this 
rock,  as  the  slate  of  St.  Breward  does  to  mica-slate : 
it  is,  however,  a  rock  sni  generis,  and  of  common 
occurrence  next  the  granite ;  and,  therefore,  deservea 
a  peculiar  name*  It  will  be  soon  noticed  again  in  a 
very  interesting  situation.  This  rock  is  in  contact 
with  a  very  hard  porphyry,  (616.)  composed  of  largt 
crystals  of  felspar,  conta&oed  in  a  basis  of  very 
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quartzose  compact-felspar :  in  part  of  this  bed  (6 IT.) 
the  felspar  is  of  a  bright  flesh-colour.  The  lodes 
here  consist  principally  of  quartz  and  dark  chlorite. 
Between  the  last  place  and  St.  Day,  the  main  mass 
4»f  granite  occurs;  and  this  rock,  (618.)  which  is 
of  the  common  crystalline  kind,  extends  nearly  to 
Redruth,  rising  to  a  considerable  elevation  in  the 
hill  of  Carn-Marth. 

From  St.  Day  to  Redruth  and  Portreath. 

Passing  over  the  hills  from  St  Day,  to  the  road 
which  leads  from  Redruth  to  Penryn,  the  slate  near 
Carbis,  is  found  to  run  up  a  considerable  distance 
into  the  valley  between  Carnbrea  and  the  opposite 
hills :  thus  forming  a  large  bay  in  the  granite,  as 
shewn  in  the  map.  The  slate  at  Wheal  BuUer  mine 
(619,  620.)  is  the  same  as  that  of  Poldice,  adjoining 
St.  Day.  The  granite  (621.)  in  this  part  of  the 
county,  is  not  very  prone  to  decomposition:  the 
large  masses  and  bowlders  on  the  side  of  the  hills  are 
decayed  externally,  and  are  discoloured  to  the  depth 
of  a  foot  or  two ;  but  the  cohesion  of  its  crystalline 
constituents  is  not  much  impaired. 

A  little  north  of  Redruth,  on  the  road  to  Por- 
treath,  a  ridge  of  massive  rock,  (622.)  apparently  a 
compound  of  compaqt-felspar  and  hornblende,  pro- 
jects above  the  soil :  it  runs  north-east  and  south- 
west. Tolgus  mine  is  situated  in  a  thick  lamellar 
blue  slate,  (623.)  which  disintegrates  into  (624.)  a 
white  argillaceous  substance,  indicating  the  presence 
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of  felspar.  About  a  quarter  of  a  mile  farther  nortb, 
the  slate,  at  the  mouth  of  the  shaft,  is  dark  blue, 
(625.)  and  similar  to  No.  608^  near  Wheal  Busy,  and 
No.  650,  near  Cardrew. 

Drawing  near  to  Portreath,  the  form  of  the  coun- 
try, and  the  nature  of  the  rock,  are  both  changed : 
the  hills  approach  each  other  in  a  precipitous  and 
rounded  form,  giving  rise  to  the  narrow  valleys 
which  terminate  on  the  sea-shore ;  they  are  too  steep 
for  cultivation,  but  are  well  covered  with  coppice- 
wood.  The  rocks,  about  half  a  mile  from  Portreath, 
resemble  those  around  Tregoney  and  St.  Anthony  ; 
consisting  of  blue  glossy  slate,  and  a  coarse  lamel- 
lar micaceous  rock.  These  rocks  extend  to  the 
sea-shore ;  and  exhibit  the  following  specimens : — 
No.  626,  slate,  and  No.  627,  lamellar  rock,  both  from 
the  side  of  the  hill  about  a  quarter  of  a  mile  from 
Portreath ;  Nos.  628, 629,  the  same  as  the  last,  from 
the  cliffs,  much  changed ;  and  No.  630,  slate  also 
from  the  cliffs,  more  perfect  than  No.  626. 

The  numerous  sections  in  the  cliffs,  and  the  large 
detached  masses  about  gun-shot  from  the  shore,  dis- 
tinctly shew  how  the  layers  of  the  slate  rise  and  fall 
in  conformity  to  the  surface  of  the  hills :  so  that  in 
one  projecting  head-land  the  slate  inclines  to,  and  in 
another  from,  the  sea. 

Ascending  from  Portreath,  on  the  road  to  Tehidy, 
a  quarry,  on  the  right-hand  side,  shews  a  lamellar 
rock,  (631.)  which  has  undergone  a  very  partial 
change,  but  in  other  respects  it  resembles  No.  627. 

Along  the  cliffs,  the  road  to  Gwithian  runs  over 
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an  extensive  down,  and  appears  to  rest  on  a  red 
decomposing  slate,  abounding  in  quartz.  Passing 
over  the  promontory  leading  to  Godrevy,  the  rocks 
(63;^.)  are  similar  to  those  of  Portreath.  At  the 
point,  however,  they  (633,  634,  635,  636.)  are  more 
felspathic,  like  those  of  Trevaunance  Cove,  near 
St.  Agnes :  some  parts  of  these  rocks  are  white  and 
decomposing ;  and  others  exhibit  a  ribbon-like  ap- 
pearance, arising  from  a  parallel  alternation  of  light 
and  dark  coloured  laminae.  These  rocks  are  in  many 
parts  of  the  cliff,  very  tortuous :  and  the  quartz-veins 
which  they  contain  follow  all  their  flexures.  The 
strata  dip  eastward,  at  an  angle  varying  from  25^  to 
30o.  From  this  bearing,  and  from  their  containing 
more  compact-felspar  than  the  intervening  rocks, 
they,  perhaps,  are  connected  with  some  mass  of 
granite  nearer  than  that  at  Crowan,  which  belongs 
to  the  central  group  of  this  district. 

The  cliffs  at  Godrevy  Point,  afford  another 
example  of  the  diluvial  deposit  so  common  on  our 
shores.  A  ferruginous  clay,  with  angular  fragments 
of  rock  imbedded  therein,  form  a  bed  of  twenty 
feet  in  thickness.  The  angular  pieces  are  of  the 
same  nature  as  the  hill  above,  which  proves  that  this 
diluvium  has  not  been  transported  to  any  great  dis- 
tance. Beneath  this  is  a  bed  of  rounded  pebbles  and 
gravel,  many  parts  of  which  are  consoKdated ;  and 
some  idea  of  the  tenacity  of  this  recent  rock  may 
be  formed,  when  it  is  stated  that  a  detached  mass 
(about  eighteen  feet  long,  twelve  wide,  and  three  in 
thickness,)  rests  across  the  basset  edges  of  the  strata. 
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m  the  fonn  of  a  lintel,  or  the  upper  stone  of  a  crom- 
leoh ;  the  opening  beneath  is  five  feet  on  one  side, 
and  nearly  ten  on  the  other.  In  tracing  this  diln* 
vium  eastward,  it  will  be  observed  to  diminish  In 
thickness  as  the  land  rises ;  so  that  it  is  not  above  a 
a  foot  deep  on  the  summit  of  those  cH£&  that  are 
formed  by  a  section  in  the  highest  part  of  the  hill. 

At  Gwithian,  the  slate  (637.)  is  blue,  and  separates 
into  thick  laminae,  which  have  an  uniform  smooth 
surface  on  the  cross  fracture ;  and  it  is  traversed 
by  a  massive  rock,  (638.)  like  that  at  Godrevy. 
Gwithian  is  surrounded  on  all  sides  by  extensive 
hillocks  of  sand,  almost  entirely  composed  of  com- 
minuted shells.  This  sand,  when  unprotected  by 
vegetation,  is  liable  to  be  driven  about  by  the 
wind :  and  in  this  manner,  as  is  common  elsewhere, 
it  has,  from  time  to  time,  committed  considerable 
trespasses  on  the  cultivated  land.  In  some  parts  of 
these  banks  there  are  alternate  layers  of  sand  and 
vegetable  remains,  consisting  of  arenaceous  plants, 
the  same  as  now  cover  the  surface ;  thus  marking 
the  periodical  increase  of  sand  in  these  plaoes* 
These  migratory  portions  of  the  sand  are  specifically 
lighter,  and  abound  more  in  entire  sheUs  than  the 
sand  in  the  valleys  next  the  estuary :  the  latter  is 
composed  of  minute  marine  shells,  such  as  are  now 
common  to  our  shores ;  the  former^  almost  entirely 
of  land-shells,  which  in  myriads  feed  on  the  scanty 
vegetation  of  these  downs.  The  remains  of  these 
minute  animals,  accumulating  through  successive 
ages,  must  make  a  great  addition  to  the  simd.-4baBks. 
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FllOM    GwiTHIAN    TO    CaMBORME,    CaANKIB, 
StltHIANS,   AND    PbNRYK. 

From  Gwithian  to  Trewitham,  the  road  lies  over 
hilly  downs,  composed  chiefly  of  that  quartziferoua 
slate  which  becomes  red  on  decomposition;  and 
which  prevails,  with  little  variation,  on  a  line  drawn 
from  this  place  through  Prince's  Common,  Newlyn, 
Bogee,  and  St.  Breock's  Downs,  to  the  neighbour- 
hood of  Wadebridge.  As  Camborne  is  approached^ 
the  same  bluish  lamellar  slate  occurs  that  is  common 
near  Redruth.  Between  Camborne  and  Tucking 
Mill,  a  large  etvan-^ottrse  is  quarried ;  it  is  (639.)  a 
felspar-porphyry,  of  the  same  description  as  that  at 
Creag  Braws ;  it  runs  nearly  east  and  west,  under^ 
lying  to  the  north,  according  to  the  quarry  men. 

At  Tucking  Mill,  a  bed  of  hard  compact  rock 
(640.)  occurs  on  the  road-side :  it  is  called  by  the 
miners  irestone,  and  is  said  to  extend  a  ccmsiderable 
distance.  It  may  be  the  same  as  that  nolrth  of 
Redruth,  but  they  are  not  exactly  alike;  this  ia 
more  splintery  in  the  fracture,  and  is  spimgled  by 
minute  shining  specks ;  whereas  that  of  Redruth  is 
granular,  with  indistinct  silky  laminae,  resembling 
Itornblende :  they,  however,  both  agree  in  this,  that 
they  have  a  basis  of  cotttpact-f^lspar. 

Turning  southward,  you  pass  through  a  narrow 
vale,  the  steep  rounded  hills  on  either  hand  being 
covered  with  loose  rubbish  from  the  minea  of  Dcd^ 
ooath  and  Cook's  Kitchen.  These  Extensive  and 
productive  mines  are  situate  near  the  bouadai ic* 


312  Dr.  Boase,  on  the  Carnhrea 

of  the  granite ;  and  the  phenomena  which  occur 
here,  particularly  in  the  former,  of  alternating  beds 
of  granite  and  hiUas,  has  often  been  alluded  to  by 
geologists,  and  more  especially  by  Professor  Sedg- 
wick, who  is  of  opinion  that  those  of  granite  are  fseins 
or  wedge-shaped  portions  communicating  with  the 
main  mass  of  this  rock.  But  I  am  inclined  to 
think  that  they  are  entirely  independant  of  the  main 
mass ;  at  least  as  much  so  as  the  schistose  rock  in 
which  they  occur.  This  subject  will  be  discussed 
hereafter :  but  in  the  mean  time  it  may  be  obseryed, 
that  the  rocks  here  are  similar  to  those  at  Cardrew, 
Poldice,  and  Wheal  Yor ;  and,  in  short,  to  many 
other  places  in  the  immediate  vicinity  of  the  granite : 
and  I  believe  that  the  same  phenomenon  of  alterna- 
tion is  more  or  lessjcoramon  to  all. 

At  Dolcoath  the  killas  (641, 642.)  is  a  hard  purple 
coloured  rock,  which  breaks  into  thick  laminae ;  in 
consequence  of  the  minute  scales  of  mica  which 
enter  largely  into  its  composition.  Sometimes  the 
mica  is  almost  entirely  wanting,  the  rock  (643.)  is 
then  a  kind  of  compact-felspar ;  and  is  (644.)  occa- 
sionally much  intermixed  with  quartz,  more  particu- 
larly near  the  lodes.  The  elvans,  or  granitical  rocks 
(645,  646,  647.)  are  quartzose :  the  first  of  these 
specimens  is  fine-grained,  affording  an  easy  passage 
into  the  above  compact-felspars ;  the  last  is  large- 
grained,  contains  flesh-coloured  crystals  of  felspar, 
and  approaches  nearer  to  granite. 

At  Cook's  Kitchen  the  rocks  are  so  similiar  to  the 
last  that  a  particular  description  is  unnecessary : — 
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Nos.  648j  649, 650, 651,  are  micaceous  and  compact- 
felspar  rocks ;  Nos.  652, 653, 654, 655,  granitic  elvans. 
Some  of  these  specimens  shew  the  rocks  in  various 
stages  of  disintegration. 

Ascending  the  hill  from  Cook*s  Kitchen,  the  gra- 
nite  is  soon  entered  on ;  it  is  (656.)  of  the  same  kind 
as  that  of  Cam-Marth:  and  at  Canarthen,  it  is 
traversed  hy  quartz^veins,  (657,  658.)  in  which  shorl 
is  very  abundant 

The  granite  of  Camkie  (659.)  is  also  traversed  by 
thick  layers  or  veins  of  compact  shorl-rock,  (660, 
661.)  which  presents  an  interesting  variety,  (662.) 
having  large  irregular  crystals  of  white  felspar  inter- 
spersed; it  may  be  called  porphyritic  shorl-rock. 
On  the  descent  from  Carnhie,  a  bed  of  porphyry 
(663.)  occurs  :  its  basis  is  a  very  hard  greyish  com- 
pact-felspar, containing  crystals  of  flesh-coloured 
felspar,  of  quarts,  and  ocoasioQally  of  tourmaline, 
with  a  few  scales  of  mica. 

The  granite  (664.)  of  Houghton  Downs,  between 
CamklQ  and  Stithians  is  of  the  common  kind,  but  is 
traversed  by  a  very  large  bed  of  fine-grained  granite^ 
(665,  666.)  which  is  white  and  soft,  from  a  partial 
disintegration  of  the  felspar :  it  is  quarried  and  works 
well,  like  a  freestone.  This  bed  runs  nearly  east  and 
west,  and  dips  towards  the  south,  at  an  angle  of  65^ 
Between  this  place  and  Stithians,  several  large 
quartzose  ecur^es  project  above  the  surface;  this 
stone  (667.)  is  of  a  light  verditer  blue,  and  is  veined 
and  marbled  with  transparent  crystalline  quarta: 
the  nature  of  the  colouring  matter  is  not  apparent. 

VOL.  IV.  R  R 
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At  Stithians^  the  granite  (668.)  is  beautifully  crys- 
talline ;  its  felspar  is  pure  white,  its  quartz  grey,  and 
the  mica  of  a  deep  garnet  colour.  A  little  farther 
south,  at  Zeath  quarry,  nearly  opposite  Kennal  Yale, 
the  granite  (669.)  is  of  the  same  nature,  but  the 
felspar  is  more  crystalline,  having  the  lustre  of  the 
glassy  variety  of  this  mineral.  Here,  I  saw  an 
immense  block  of  this  stone,  which  was  without 
any  seam  or  flaw ;  and  measured  forty  feet  long,  by 
thirteen  in  width,  and  twelve  feet  in  height;^ and 
must,  therefore,  have  weighed  several  hundred  tons. 
This  kind  of  granite  has  a  beautiful  appearance :  it 
is,  however,  rejected  by  the  London  market ;  pro- 
bably owing  to  its  containing  a  larger  portion  than 
usual  of  quartz,  which  renders  it  brittle ;  and,  there- 
fore, not  fit  for  cornices,  and  other  fine  work :  but  it 
would  be  well  adapted  for  those  parts  of  a  building 
that  require  a  strong  and  durable  material. 

About  half-way  from  Stithians  to  Penryn,  another 
bed  of  felspar-porphyry  occurs :  it  (670.)  contains 
small  flesh-coloured  crystals  of  felspar,  and  granules 
of  quartz ;  some  of  the  latter  are  the  size  of  a  pea, 
and  look  as  if  they  had  been  rounded  by  attrition. 
This  porphyry  contains  small  dark  coloured  particles 
like  hornblende,  but  no  mica. 

A  mile  farther  south,  another  stratum  of  porphyry 
traverses  the  granite :  it  distinctly  bears  east  and 
west,  dipping  at  a  great  angle  towards  the  north. 
In  composition  it  (671.)  is  quite  unlike  the  last;  it 
is  a  hard  fine-grained  porphyry,  glimmering  with 
dark  coloured  mica. 
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Descending  from  the  granite^  this  rock  is  seen  for 
the  last  time^  on  the  side  of  the  hill  just  above  the 
Paint  Factory :  it  (672.)  contains  a  larger  portion 
of  mica  than  usual,  which  causes  it  to  break  into 
thick  flags.  This  kind  is  said  to  prevail  near  the 
junction  at  Constantine ;  but  it  escaped  my  notice. 

From  this  place  to  Penryn,  about  half  a  mile  dis- 
tant, compact  and  slaty  felspar-rocks  appear  to  form 
the  substratum ;— judging  from  the  soil  and  the 
disintegrating  fragments  scattered  around.  South 
of  the  town,  on  the  road  to  Falmouth,  a  blue  slate 
(673,  674.)  much  decayed,  is  the  prevailing  rock :  it 
also  appears  to  be  a  variety  of  hornblende-slate. 

From  Falmouth  to  Swan  Pool  and  Mawnan. 

On  the  summit  of  the  hill  immediately  behind 
Green  Bank,  (Falmouth)  a  massive  hornblende-rock 
has  been  extensively  excavated,  on  account  of  a  large 
bed  of  quartz  which  it  contains.  This  rock  (675, 
676.)  is  in  a  state  of  decay,  the  hornblende  being 
converted  into  an  ochreous  substance.  It  runs 
about  east  and  west,  and  appears  to  dip  southward, 
at  an  angle  of  35^  At  Swan  Pool,  the  cliffs  are 
formed  of  a  thick  lamellar  hornblende-slate,  (677.)  in 
which  compact-felspar  appears  to  predominate,  and 
which  is  also  extensively -disintegrated :  it  dips  south- 
east, at  the  same  angle  as  the  last. 

On  the  sea-shore,  a  little  west  of  Swan  Pool,  is  a 
large  ehanrcourse,  which  runs  about  north-east  and 
south-west,  for  several  hundred  feet,  and  dips  east  of 
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fiouth,  at  an  angle  of  45^*  Near  low  water^mark  it 
abruptly  terminates ;  but  immediately  a^joining^  on 
the  Muthem  side^  it  is  seen  continuing  its  course  in 
the  original  direction,  so  that  it  has  apparently  be^i 
moved  about  twenty  feet;  that  is  equal  to  its  breadth. 
At  this  point,  both  the  slate  and  ehan  are  traversed 
by  a  thin  layer  of  a  soft  clayey  substance,  called  by 
the  miners  fiucan;  which  has  rather  a  tortuous 
course,  gradually  diminishing  in  size  as  it  recedes 
from  the  ehain.  Mr.  Robert  Were  Fox  obligingly 
accompanied  me  to  this  spot,  and  pointed  out  this 
interesting  occurrence ;  it  distinctly  illustrates  what 
is  termed  by  the  miners  a  heave^:  but,  notwithstaad* 
ing  the  whole  is  here  so  clearly  exposed  to  view^  I 
could  not  satisfieictorily  detect  the  nature  of  this 
phenomenon.  This  ehan  (678,  679,  680,  681.)  con- 
sists almost  entirely  of  compact^felspar,  with  imbed- 
ded granules  of  quartz,  and  scales  of  mica.  Next 
the  slate  it  becomes  very  siliceous,  almost  passiiig 
into  hornstone.  It  is  very  prone  to  decay,  as  is  seen 
in  the  ai^oining  cliff,  above  high  water :  the  uppte 
part  is  converted  into  white  clay,  (682.)  which  is 
manufactured,  on  the  spot,  into  excellent  bricks* 
No.  678,  and  the  white  clay,  are  precisely  like  Nos* 
889,  340,  from  the  eha»«mrw  near  Bodmin. 

This  eha»  occurs  in  a  homblendenriate^  (668.) 
which  splits  into  thin  and  jointed  lamins^  it  is  much 
curved  and  contorted,  and  is  traversed  by  numerous 
irregular  quartz-veins* 

At  Main  Perth,  a  bed  of  siliceous  sand  lies  M  the 
head  of  the  cove,  forming  a  bank,  (in  the  same  man- 
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ner  as  at  Mount's  Bay)  behind  which  there  is.  also  a 
tract  of  marshy  ground.  The  rocks  here  (684^  685, 
6S6.)  are  similar  to  those  at  Portreath  and  Tregoney  : 
that  is,  they  consist  of  alternating  beds  of  a  glossy 
shining  slate,  and  a  granular  laminated  rock  abound- 
ing in  scales  of  mica:  such  rocks  indicate  that 
limestone  is  not  very  remote,  and  if  the  sea  did  not 
intervene,  probably  the  same  series  of  rocks  would 
be  found,  as  at  Yeryan,  Varieties  of  the  same  kind 
of  slate  and  compact  rock  (687, 688.)  alternate  in 
the  cliffs  to  RosemulHon  Head;  where  they  are 
much  interlaminated  with  quartz,  as  in  No.  689^ 
In  the  cliffs  near  Mawnan  church,  the  Rev.  Gahon 
Rogers  was  so  kind  as  to  shew  me  the  rocks  which 
he  has  described,  in  a  former  volume,  as  greywacke ; 
but  to  which  I  certainly  should  not  apply  this  name. 
The  rock  in  question  (690.)  is  coarse-grained, 
crystalline,  compact,  and  hard ;  and  gradually  (691.) 
passes  into  (692.)  a  fine-grained  homogeneons  mass, 
and  thence  into  a  blue  glossy  slate :  the  last  (693.) 
has  an  irridescent  tarnish,  and  is  exactly  like  that  of 
Tregoney^  The  basis  of  the  coarse^ained  is  the 
same  as  No.  691,  but  it  contains  irregular  scaly 
grains  of  mica,  hornblende,  or  some  such  mineral ; 
and  is,  moreover,  mottled  with  very  minute  white 
grains,  which  break  down  under  the  pressure  of  the 
knife ;  and  which  are  slowly  dissolved  with  the  ex- 
trication of  gas,  when  a  portion  of  this  stone  is  put 
into  dilute  muriatic  acid.  From  this  I  conclude, 
tliat  this  massive  rock  is  a  species  of  greenstone,  or 
bonblende-rock,  with  the  addition  of  carbonate  of 
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lime.  Similar  compounds  have  been  noticed  near 
the  limestones  of  Padstow  and  Yeryan:  and  it, 
therefore,  appears  that  as  these  compact  rocks 
recede  from  the  granite,  carbonate  of  lime  gradually 
increases  in  the  compound,  till  at  length  they  become 
so  calcareous,  as  to  pass  into  dark  coloured  lime- 
stones, which,  on  account  of  a  portion  of  greenstone 
entering  into  its  composition,  is  argillaceous,  exhibit- 
ing those  properties  for  which  the  lime  of  Aberthaw 
is  celebrated.  From  this  survey,  therefore,  it  appears 
that  from  Main  Forth  southward  to  Mawnan,  the 
rocks  form  a  similar  series,  as  those  from  Tregoney 
to  Yeryan.  And,  perhaps,  the  reef  of  rocks  extend- 
ing off  Mawnan,  may  confirm  this  conjecture. 

From  Mabb  to  Constantinb  :  and  thence  to 

PORTHALLA  CoVE. 

About  a  mile  from  Penryn,  on  the  road  to  Helston, 
you  enter  on  the  granite :  and  thence  to  Mabe  the 
pathway  lies  over  this  rock.  In  this  neighbourhood 
are  numerous  quarries  of  granite ;  immense  quanti- 
ties of  which  stone  are  carried  to  Penryn,  and  thence 
shipped  for  London.  The  rock  here  (694.)  contains 
more  felspar,  and  the  quartz  is  smaller  grained,  and 
in  less  proportion  than  that  of  Stithians,  above  men- 
tioned ;  and  on  this  its  superior  quality  for  orna- 
mental architecture  seems  to  depend.  Between 
Mabe  and  Constantine,  the  quarries  are  also  very 
numerous ;  and  are  here  called  bale,  a  term  com- 
monly applied  to  mines  in  the  western  parishes. 
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No.  695,  is  from  a  quarry  near  Trewardrevah,  it  con- 
sists almost  entirely  of  white  felspar,  which  is  prettily 
spangled  with  large  scales  of  dark  coloured  mica. 
The  outline  of  the  granite  may  be  distinctly  traced 
by  the  form  of  the  country  from  Mabe  to  Constan- 
tino; it  is  somewhat  curved,  and  declines  rapidly 
southward,  falling  into  the  valley  about  a  third  of  a 
mile  distant  from  these  places. 

From  Constantino  to  Helford,  the  rocks,  that  are 
exposed,  are  varieties  of  compact  and  slaty  horn- 
blende-rocks:  No.  696,  is  from  Merthen  Downs. 
On  the  banks  of  Helford-river  the  slate  (697.)  is  blue, 
and  splits  into  thin  irregular  laminae  which  are  span- 
gled with  mica :  and,  a  little  south  of  the  passage, 
on  the  hill,  it  contains  a  bed  of  (698.)  massive  rock. 

At  Anthony,  the  rocks  are  of  the  same  nature  as 
the  last;  but  the  slate  (699.)  is  more  fissile,  and 
smoother  on  the  surface :  it  dips  southward,  at  about 
30o.  It  (700.)  continues  to  Prussias  Cove :  and  also 
occurs  at  Pedgadnick,  another  little  creek  farther  to 
the  east ;  but  it  is  rather  more  tarnished  and  changed. 
These  rocks,  if  not  precisely  the  same,  are  nearly 
allied  to  those  on  the  northern  banks  of  the  harbour, 
viz.  at  Durgan  and  Mawnan :  and  it  is  curious  to 
observe  that  all  the  large  creeks,  running  deep  into 
the  land  from  the  English  Channelt  are  almost 
entirely  bounded,  on  either  side,  by  these  kinds  of 
rocks.  This  does  not  appear  to  be  altogether  owing 
to  their  being  more  susceptible  of  decomposition, 
but  also  to  the  curved  form  of  their  strata,  the 
concavities  of  which  extend  lower  than  the  present 


320  Dr.  B0A8E,  on  the 

sea-level:  for  the  sections  of  rocks  exhibited  mi 
the  banks  of  these  creeks,  seldom  rise  much  above 
high  water-mark. 

Proceeding  towards  the  sea,  there  is  on  the  land 
side  of  the  Nare  Head,  a  shallow  cove,  of  about 
half  a  mile  in  length,  which  affords  a  fine  example 
of  fragmentary  rocks,  to  which  the  term  grey wacke 
is  more  applicable  than  to  any  others  in  Cornwall. 

These  rocks  are  of  considerable  extent,  and  are 
seen  to  greatest  advantage  near  the  landing  place, 
which  leads  to  Rostowda :  here  they  lie  in  scattered 
masses  on  the  shore,  having  &llen  from  the  clitti 
When  I  first  saw  them  from  the  boat,  they  looked 
like  blocks  of  granite,  and  my  surprise  at  seeing 
such  in  this  situation  was  not  at  all  diminished  when 
I  discovered,  on  a  nearer  view,  their  real  nature. 
Before  I  could  explore  the  whole  of  these  rocks,  or 
satisfy  myself  as  to  their  position,  and  mode  of  con- 
nection with  the  adjacent  strata,  the  flowing  tide 
and  approaching  night  put  an  end  to  the  survey. 
Two  days  after  I  returned  to  this  spot  and  carefully 
examined  it:  but,  notwithstanding,  I  could  detect 
no  positive  evidence  on  this  matter.  The  cliffs  at 
the  western  end  are  composed  of  a  deposit  of  dila* 
vium  at  least  fifty  feet  in  depth ;  at  the  base  (just 
above  high  water-mark)  is  a  ridge  of  slate  similar  to 
No.  700,  which  extends  into  the  sea,  and  abounds  in 
quartz-veins.  For  a  considerable  distance  eastward, 
diluvium  inthe cliffs, and  a  bank  of  pebbles  at  its 
base,  and  a  sandy  shore,  are  all  that  meet  the  eye. 
A  few  hundred  feet  before  reaching  the  landing-place. 
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(to  which  point  the  cliffs,  from  the  right  and  left, 
gradually  lower,  affording  an  outlet  for  a  little  brook,) 
is  a  section  of  this  fragmentary  rock,  about  twelve 
feet  in  height :  to  the  eastward,  the  cliff  becomes 
gradually  higher,  though  this  increase  consists  in 
the  diluvium  which  is  superimposed  on  the  rock. 
At  the  eastern  extremity,  towards  the  Nare,  the 
greywacke  terminates  abruptly  against  slate,  which 
resembles  that  on  its  western  extremity. 

Between  the  greywacke  and  the  slate,  a  thick  layer 
of  a  massive  pyritous  rock  occurs ;  and  at  the  point 
of  junction  with  the  slate  it  is  so  decomposed  and 
ruinous,  that  the  nature  of  the  connection  cannot 
be  ascertained ;  but  with  the  greywacke  the  union 
appears  to  be  complete, — the  one  passing  into  the 
other.  All  these  rocks  pass  under  the  diluvium  in 
the  cliff:  so  that  it  could  not  be  seen  whether  the 
greywacke  dipped  under,  or  rested  on,  the  slate ; 
though,  judging  from  the  direction  of  its  indistinct 
layers,  it  certainly  has  the  appearance  of  being 
inferior  to  the  slate.  I  have  admitted  the  difficulty 
of  deciding  this  case ;  but,  all  things  considered, 
I  think  that  the  greywacke  reposes  on  the  slate, 
having  been  deposited  in  a  basin^like  hollow.  The 
only  other  spot  in  Cornwall,  where  secondary  rocks 
occur,  is  Mount  Edgcumbe:  and  it  is  a  curious 
coincidence  that  both  these  groups  of  rocks  occupy 
a  similar  position ;  being  situated  within  a  head-land 
on  the  right  side  of  an  extensive  inlet  of  the  sea. 
It  may  also  be  added,  that  the  adjacent  rocks  are 
similar  in  both  cases ;  consisting  principally  of  slate, 
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with  laminae  nearly  perpendicular  between  the  seams 
of  the  strata,  which  dip  southward,  at  about  30^. 

At  that  part  of  the  cliff,  where  the  grey  wacke  is 
laid  bare  to  the  greatest  depth,  the  infierior  beds  of 
this  rock  contain  more  pebbles  of  slate  and  quarts, 
and  larger  fragments,  than  the  upper  beds :  there  are 
some  exceptions,  but  this  appears  to  be  the  general 
rule.  This  is  an  interesting  fact,  because  it  conrei^ 
ponds  with  the  condition  of  the  superimposed  and 
unconsolidated  diluvium ;  indicating  that  they  were 
produced  by  the  same  cause,  operating,  however,  at 
distinct  and  distant  periods.  It  may  also  be  re- 
marked that  all  these  greywack^  rocks  are  more  or 
less  stained  by  oxid^  of  iron.  I  observed,  however, 
one  stratum  of  this  rock,  whicl)  is  fine-grained,  apd 
exhibits  on  the  edges  of  it§  thick  laminae,  alternating 
stripes  of  deep  red,  and  greyish  white ;  resembling 
that  of  No.  201,  from  Redding  Point,  Mount  Edg- 
cumbe : — this  fact  shews  (as  the  red  and  white  por- 
tions are  equally  l^ard)  that  oxide  of  iron  is  not  the 
consolidating  agent. 

Some  layers  of  the  grey  wacke  are  schistose,  re- 
sembling the  slate  of  the  neighbourhood :  but  this 
is  not  surprising,  as  the  former  was  evidently  derived 
from  the  ikbris  of  the  latter. 

To  shew  this  greywack^  to  advantage  in  its  coarse- 
est  form,  a  lai^  bowlder  ought  to  be  obtaiaed; 
the  following  specimens  will  illustrate  the  other 
varieties  f—-Nos.  761,  708,  703,  704,  consist  of  frag- 
ments and  sfl^all  pebbles ;  Nos.  705,  706,  are  two 
rounded  pieces  from  the  sea-shore,  the  surface  of 
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which  exhibit  these  fragirtetits  more  distiactly ;  Nos. 
707,  708,  are  fine-grained  varieties,  and  Nos.  709, 
710,  the  same,  disint^rating ;  No.  711,  is  a  frag- 
mentarji  and  No.  712,  a  flne>grained  and  slaty  rock, 
from  hear  low  water-nfiark,  abbut  a  hundred  yards 
from  the  cliff;  No.  713,  714,  are  striped  and  fine- 
grained, passing  into  Nd.  715,  a  coarse  compound, 
which  graduates  into  No.  716,  containing  a  very 
considerable  portion  of  iron-pyriteg ;  No.  718,  is  the 
same  rotek  as  the  last,  only  in  a  decomposing  state ; 
No.  719,  is  the  coarse  slate  of  the  district  which 
odcors  in  contact  with  the  last,  and  it  is  sometimes 
(720.)  much  stlaned  with  red  oxide  of  iron. 

Proceeding  ak>ng  the  coast  from  the  grey  wacke, 
alafe  (721,  728.)  stieoeeds :  which  is  similar  to  No. 
700»  and  eytdently  dips  west  of  south,  at  an  angle 
of  90^.  The  slate  {723,  724.)  at  the  Nare  Head,  is 
of  the  saute  nature,  a!dd  has  the  same  bearings :  the 
famd  at  Ae  last  f>l8oe  rued  out  into  an  almost  hori- 
aontal  poiat,  not  much  elevated  above  high  water- 
wasick :  but  it  suddenly  rises  landward,  into  a  steep 
romided  bill,  consisting  of  a  hard  r^ck,  (725.)  in 
whkh  quart2  ab^mnds. 

Going  along  a  path  above  4he  cliff  from  the  Nare 
Head  to  Porthalla  Cove,  there  is;  about  midway,  a 
BOtiiTal  section  which  exhibits  the  slate  (726.)  con- 
taining beds  of  (727.)  a  dark  compact  rock :  these 
we  ef  moife  uniform  texture  than  the  last,  approach- 
ing nearer  to  the  rocks  around  Helford.  Descending 
iktto  Porthalla,  the  diffis  on  the  eastern  side  of  the 
cove  are  composed  of  diflfer-e&t  rocks:  Uie  most 
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easterly  one  (728.)  is  a  blue  slate^  with  irregularly 
curved  laminae,  resembling  those  strata  which  occur 
so  often,  in  the  eastern  district,  in  conjunction  with 
the  calcareous  slates ;  and  this  slate,  to  the  westward 
(729,  730,  731.)  also  abounds  in  veins  of  calc-spar. 
The  slate  next  the  village,  is  decomposed  to  a  con- 
siderable depth,  and  is  of  a  dirty  yellowish  white: 
the  perfect  rock  includes,  between  its  laminse, 
wedge-shaped  pieces  of  (732.)  a  compact  substance, 
evidently  an  intimate  compound  of  the  slate  and 
calcareous  spar,  resembling  the  black  limestone  of 
Veryan  and  Padstow ;  and  of  which  (733.)  a  massive 
bed  may  be  seen  at  low  water.  These  rocks  dip 
southward,  at  an  angle  of  30^  to  35^  About  a 
quarter  of  a  mile  up  the  deep  valley  which  runs  from 
the  cove  towards  St.  Keverne,  the  decomposing  com- 
pact rocks  (734,  735.)  may  be  seen  running  east  of 
north,  and  west  of  south,  but  the  dip  is  not  apparent. 
On  the  road  to  St.  Keverne  the  rock  is  exposed 
near  Parkantednoc,  it  (736.)  is  a  fine-grained  lamellar 
slate  of  a  greenish  colour,  and  breaks  into  thick 
rhomboidal  pieces,  like  the  hornblende-slates  near 
the  granite.  At  Trenance  the  rock  (737.)  also  n^uch 
resembles  a  hornblende-slate,  and  includes  hard 
massive  layers  of  No.  738 : — the  nature  of  these  is 
obscure,  owing  to  their  being  partially  disintegrated. 
At  the  road-side  a  little  above  Porthoustock,  the  rock 
(739, 740.)  is  the  same  as  No.  736,  all  of  these  appear 
to  dip  east  of  north,  at  an  angle  of  35^ : — that  is  to 
a  point  of  the  compass  nearly  the  reverse  of  the 
rocks  north  of  Porthalla. 
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From  Forth  all  a  to  Coverack^  along  the 

Sea-coast. 

I  left  Falmouth  in  company  with  Mr.  Henwood, 
but  after  the  first  day  we  parted ;  his  object  being  to 
examine  the  coast  minutely,  and  mine  to  gain  a 
general  knowledge  of  the  county  by  frequently  tra- 
versing it  from  the  central  masses  of  granite  to  the 
8ea-shore.  Having,  therefore;  omitted  to  visit  the 
serpentine  between  Porthalla  and  Dranna  Point, 
Mr.  Henwood  has  obligingly  supplied  this  deficiency 
by  giving  me  the  following  specimens  with  the 
annexed  memoranda. 

''  On  leaving  Portjialla  the  first  beds  that  occur 
between  the  slaty  rock  and  the  serpentine,  are  in  a 
ruinous  state,  as  described  by  Professor  Sedgwick, 
and  of  which  No.  741  is  a  specimen  : " — it  is  a  soft 
red  slate,  glossy  and  irregularly  laminated,  its  nature 
is  not  very  obvious,  but  it  appears  to  be  derived  from 
No.  742,  a  bluish  white  talcose-slate,  with  reddish 
stains,  which  is  not  in  such  an  advanced  stage  of 
disintegration,  and  which  I  obtained  from  a  pit  about 
one  third  of  a  mile  from  Porthalla,  on  the  road  to 
Porthoustock.  ''No.  743,  is  the  slate  adjoining 
the  serpentine.  These  schistose  beds  contain  No. 
744,"  which  is  quartz  containing  very  minute  grains 
of  talc,  imparting  an  obscurely  laminated  structure. 
''  The  first  bed  of  serpentine  (745.)  in  this  direction,'' 
is  of  a  dark  olive  green,  very  profusely  spotted  and 
clouded  with  reddish  brown.  ''  The  second  bed  of 
serpentine  (746,  747.)  is  eastward  of  the  first."     It 
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is  of  an  uniform  dark  olive  green ;  and,  with  the 
exception  of  precious  serpentine,  it  is  the  finest 
grained,  and  most  compact  kind,  that  I  have  met 
with.  *^  On  the  side  of  this  serpetitine,  next  to  the 
last,  a  bed  (748.)  occiirs/'  which  consists  of  lamiBae 
of  a  reddish  brown  alternating  with  othets  of  a  grey- 
ish colour,  lightly  tinged  with  greeli.  It  appears  to 
be  a  compound  intermediate  between  the  slate  and 
serpentine.  **  No.  749,  is  interposed  between  the 
second  and  third  bed  of  serpentine,"  and,  with  the 
exception  of  the  stripes^  it  is  of  a  similar  nature  as 
No.  748.  ''  Nos.  750, 751,  are  Specimens  of  the  third 
bed  of  serpentine,  which  is  succeeded  by  No.  752," 
a  compact  hornblende-rock,  approaching  somewhat 
td  the  slaty  strutcture :  it  is  situated  eastward  of  idl 
theise  beds  of  serpetititle. 

At  Pdrthoustock,  a  dark  blue  hornblende^late 
<753.)  forms  the  eastern  side  of  the  eore :  the  layers 
#f  which  decidedly  dip  weiit  Of  north,  at  35^  I  have 
«atted  this  a  botnblende-slate,  but  it  is  not  exactly 
Kk^  those  of  the  other  parts  of  Cornwall :  it  broaiEs 
ibdeed  into  thick  angular  rhofnboidal  piec^,  Ae 
^kits  of  which  are  oehifeous,  frotn  the  deeay  ^f 
irbn-pyrites,  as  may  be  seen  in  this  s]^eeimfeii :  it  is, 
hrewever,  Aiore  compact  and  harder,  and  ltd  imr&te 
li  glimmering  from  mkkute  shining  specks.  On  the 
western  side  of  the  eoYe,  this  irfate  contates  beds  ^f 
(764.)  a  harder  and  appariently  more  siliceous  rock. 

It  is  an  itfberesting  enquiry  to  ascertain  die  exUaat 
attd  beatings  of  these  rocks,  in  the  neighboMhood 
of  PorthaUa  and  Porthoustock.    This,  however^  is 
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no  easy  task ;  for  here,  as  in  all  parts  of  Cornwall, 
the  roeks  do  not  continue  far  in  the  same  direction, 
l)ut  are  curved  and  contorted ;  and  continually  vary- 
ing in  their  composition.  The  hornblende-rocks  dip 
sometimes  east,  and  at  others  west,  of  north ;  their 
bearings  may,  therefore,  be  nearly  east  and  west, 
dipping  northward,  and  rather  west  of  north,  at  an 
angle  of  about  30^  This  corresponds  with  the  deep 
valleys  here,  and  with  that  which  forms  the  estuary 
of  the  river  Hel.  Whether  the  serpentine  of  Dranna 
alternates  with  the  hornblende-rocks  in  long  continu*- 
ous  beds,  extending  as  far  as  the  northern  end  of 
Goonhilly  Downs,  is  not  apparent :  one  circumstance 
only  occurred  to  me  which  seemed  to  fttvor  this 
conjecture, — viz.  that  in  thi?  direction,  north  of  St 
Keverne,  there  is  a  narrow  strip  of  ground  not  po 
fertile  as  the  adjacent  land :  and  at  one  place  the 
hedges  near  it  were  composed  of  stones  resembling 
that  obscure  rock  of  Dranna,  No.  748,  that  appears 
to  be  intermediate  between  hornblende^rock  and 
serpentine.  I  am,  however,  rather  inclined  to  re- 
gard these  beds  of  serpentine  at  Dranna,  as  distinct 
and  unconformable  masses,  imbedded  in  the  schistose 
rocks,  after  the  manner  of  the  greenstones  in  the 
hornblende-slate  of  Mount's  Bay. 

Proceeding  over  the  hill  to  Manacle  Point,  the 
dai4c  decomposing  hornblende-rocks  are  succeeded 
by  a  massive  crystalline  compound  of  felspar  and  dial- 
lage.  This  rock  varies  in  appearance,  according  to 
the  proportions  and  size  of  its  constituent  minerals, 
which  are  aggregated  together  after  the  manner  of 
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granite :  indeed  this  rock  greatly  resembles  granite 
on  the  large  scale,  projecting  at  the  brow  of  the  hills 
in  immense  blocks,  piled  one  above  the  other,  and 
which  are  also  strewed  over  the  sloping  ground  be- 
neath. Its  felspar  is  generally  pure  white ;  but  in 
some  places,  in  consequence  of  an  intermixture  of 
diallage,  it  assumes  a  violet,  or  sometimes  a  dull 
green,  colour.  This  rock  extends  along  the  coast, 
all  the  way  to  Coverack ;  and  inland  as  far  as  St. 
Keverne,  and  to  the  foot  of  the  serpentine  at  Goon- 
hilly  Downs.  It  appears  to  underlie  towards  the 
north ;  as  the  longer  sides  of  the  quadrangular 
masses,  that  compose  the  Tors,  incline  in  this  direc- 
tion :  but  as  in  the  case  of  all  massive  rocks,  whether 
of  granite  or  of  porphyry,  it  is  not  easy  to  form  an 
opinion  on  this  point.  Nos.  755, 756,  are  specimens 
of  this  diallage  rock,  from  the  hill  a  little  south-west 
of  St.  Keverne :  and  No.  757,  from  an  excavation  at 
the  same  place,  shewing  the  last  kind  in  a  state  of 
disintegration;  and  affording  another  example  of 
the  greater  rapidity  with  which  rocks  decay,  when 
covered  with  the  soil,  than  when  they  are  exposed 
to  the  air ;  for  that  from  the  Tor,  although  covered, 
as  granite,  with  lichens,  is  quite  fresh  and  perfect 
immediately  beneath  the  surface.  A  bed  of  this 
rock,  at  the  Manacle  Point,  consists  almost  entirely 
of  felspar,  (758.)  with  imbedded  prismatic  crystals 
of  hypersthene : — and  in  the  cliff,  immediately  oppo- 
site the  Manacles,  some  layers  may  be  seen,  com- 
posed almost  entirely  of  (759.)  diallage. 

Along  the  coast  a  variety  of  this  rock  occurs. 
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which  (760.)  is  fine-grained^  and  exceedingly  tough : 
it  is  imbedded  in  irregular  masses  and  veins  in  the 
more  distinctly  crystallized  kinds ;  and  it  sometimes 
projects  in  entire  blocks.  The  transition  between 
these  is.  so  distinct^  that  its  nature  is  evident :  I  did 
not  see  it  passing  into  the  lamellar  slate^  No.  753 ; 
but  No.  760,  is  a  near  approach  thereto,  resembling 
No.  754,  which  is  imbedded  in  the  slate  at  Porthou- 
stock.  The  following  specimens  of  diallage-rock. 
No.  761,  762, 763,  were  taken  about  equal  distances 
from  each  other,  between  Wrea  Point  and  Coverack. 

As  Coverack  Cove  is  approached  from  the  east, 
the  land  falls  rapidly  to  the  bottom  of  the  narrow 
valley,  and  abruptly  rises  on  the  opposite  side, 
where  serpentine  makes  its  appearance,  forming  the 
boundary  of  that  extensive  mass  which,  with  little 
interruption,  continues  from  hence  to  the  Lizard. 

The  western  side  of  this  cove,  towards  the  quay, 
is  bounded  by  a  perpendicular  cliff;  the  lower  part 
of  which  consists  of  serpentine  rocks,  but  the  upper, 
and  greater  portion,  of  diluvium  which  is  of  a 
bright  ochreous  colour,  and  which,  next  the  rock,  is 
(764.)  partially  consolidated,  containing  small  pebbles 
of  quartz,  compact-felspar,  and  serpentine.  The  first 
serpentine  (765.)  that  presents  itself,  in  this  direction, 
is  dark  brown,  very  fine-grained,  and  compact ;  hav- 
ing a  splintery  and  somewhat  conchoidal  fracture ; 
and  is  spangled  with  large  scales  of  green  diallage. 
This  passes  into  (766.)  another  variety  of  a  darker 
colour,  with  brown  diallage :  it  contains  a  layer  of  a 
very  dark  crystalline  rock,  (767.)  apparently  compo- 
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sed  of  felspar  aud  diallage ;  the  scales  of  the  latter 
coivstituting  the  greater  portion  of  the  mass. 

The  serpentine  (768.)  succeeding  tiie  last  is  yery 
similar  to  No.  76$,  bfifc  rather  inclined  to  a  reddish 
brown  tint :  some  of  its  layers  are  (769u)  crystalUse, 
Uke  No*  767,  only  interspersed  with  spots  of  a 
deep  reddish  brown^  which  are  rather  pulverulent, 
and  are  produced,  perhaps,  by  the  disintegration 
of  diallage :  Teina  of  which  mineral  are  here  very 
abundant,  and  are  often  large  and  irregular ;  they 
afforded  the  following  specimens ;— ^laminse  of  (770i) 
diallage  metalldide,  bounded  on  one  side  by  a  layer 
of  steatite ;  No.  771,  oonsists  of  the  same  mineral, 
imbedded  in  a  variety  of  compact*felspar ;  No.  772, 
is  the  same  felspar  passing  into  indurated  and 
opalescent  steatite;  No.  773,  another  variety  of 
compact-febpar,  or  jade,  of  a  violet  colour ;  and 
No.  774,  the  same,  more  intermixed  with  diattnge. 
As  regards  these  minerals  it  must,  however,  be 
observed  thait  they  do  not  exactly  answer  to  the 
descriptions  of  jade  and  steatite :  I  have  used  liiese 
terms  for  want  of  better,  and  because  others  have 
done  so  before  me.  The  compact  minerals,  I&e 
steatite^  are  nearly  as  hard  as  calcaseowf  spar;  and 
those,  W^  jade,  so  far  from^  scratching  quarts  readily 
yield  to  tbe  knife :  indeed  they  may  be  aU  coosideMd 
as  varieties  of  compact-felspar,  inferioi:  ia  hardness 
to  tho<$q  which,  occur  tunopgst  the  rocks  neai  the 
granite ;  as  is  likewise  the  oa^e  with  the  crystalline 

felspar  of  the  diallage-rocks>.  which  have  been  just 
described.     AnalysjU^  would   piEobably  shew,  that 


District  of  Cornwall.  ^1 

mdgnwia  enters  into  th«  compasition  of  all  these 
minerals :  and  that  the  Tariable  proportions  of  this 
earth  give  rise  to  the  different  kinds  of  felspar  in 
terpentine ;  as  in  like  manner,  silica  praducek  that 
endless  suite  between  compact-felspar^  homstone^  and 
eren  jasper,  which  characterise  the  porphyritic  beds 
in  the  vicinity  of  granite. 

At  the  back  of  the  pier,  there  iii  t  similar  repeti- 
tion of  these  magnesian  rocks ;  indeed  the  difference 
k  too  trifling  to  need  description,  as  may  be  86en  in 
Nos.  776, 776, 777, 778, 779,  780.  It  may,  however, 
be  observed  that  one  of  these  beds  (781.)  exactly 
resembled  the  diallage-rocks  that  prevail  from  Por- 
thoustock  to  this  place.  Farther  enquiries  may, 
therefore,  ascertain  that  serpentine  also  occurs  along 
tibis  tract,  imbedded  in,  and  alternating  with,  this 
massive  diaIk^;e^ock. 

The  ridge  of  rocks  running  southward  from  Cove- 
rack  Point,  consists  of  dark  brown,  fine  granular 
serpentine,  (782.)  the  texture  of  which  is  very 
fitiiform,  being  only  diversified  by  very  minute  shin- 
ing specks,  when  viewed  in  a  strong  reflected  light. 
It  is  traversed  by  veins  of  that  kind  of  indurated 
opalescent  steatite  above  alluded  to,  which  (783.)  is 
•f  a  greenish  yellow,  veined  agate-likd,  with  white 
layers  of  the  same  mineral. 

This  dark  homogenous  kind  of  serpentine  con- 
tinues to  Chynhals  Point,  where  it  is  much  inter- 
sected by  veins  of  steatite,  by  which  this  rock  is 
sometimes  divided  into  small  quadrangular  blocks,  as 
is  disclosed  on  disintegration. 

T  T  2 
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From  Wendron  to  Helstok,  Goonhilly  Downs, 

AND  Kenkick  Cove. 

The  country  around  Wendron  consists  of  the 
same  kind  of  (784.)  granite,  as  that  of  the  high  hills 
near  Redruth :  and  it  is  traversed  by  beds  of  (785.) 
fine-grained  granite.  The  valleys  near  Wendron 
have  been  much  explored  for  tin-ore:  and  the 
diluvium,  under  which  it  occurs,  has  evidently  been 
derived  from  a  granitic  district,  and  is  interspersed 
with  large  pebbles,  and  bowlders  of  quartz,  and 
of  compact  shorl-rock  (786.)  which  so  frequently 
traverses  the  cornish  granite,  in  the  form  of  large 
contemporaneous  veins. 

At  Trumpet  tin-mine,  a  little  south  of  Wendron, 
the  granite  (787,  788.)  is  very  crystalline ;  its  white 
felspar  is  in  excess,  and  is  generally  in  the  form  of 
(789.)  large  porphyritic  crystals.  One  kind  of  this 
granite,  (790.)  though  quit^  hard  and  unchanged 
when  brought  to  the  surface,  becomes  in  two  or  three 
years  quite  disintegrated :  and  indeed  adjoining  the 
lode,  it  is  frequently  in  this  condition  to  a  consider- 
able depth.  The  lode  (791, 792.)  is  what  the  miners 
call  a  capel ;  and  the  granite  (793.)  in  contact  there- 
with, partakes  of  its  nature,  consisting  of  large 
flesh-coloured  felspar,  imbedded  in  a  basis  composed 
almost  entirely  of  quartz,  blended  with  a  small  por- 
tion of  mica,  and  of  a  pulverulent  substance,  inter- 
mediate between  this  mineral  and  chlorite.  Some 
part  of  the  lode  (794.)  is  of  a  dark  red,  apparently 
from  the  oxidation  of  this  micaceous  substance ;  and 
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the  adjacent  granite  (795.)  is  occasionally  discoloured 
from  the  same  cause.  No.  796,  is  a  part  of  the  lode 
in  which  the  mineral  is  more  like  chlorite. 

Half  a  mile  south  of  Trumpet  mine,  and  ahout  a 
mile  north  of  Helston  turnpike^  is  the  boundary  of 
the  granite ;  which  rock  appears  to  run  in  an  easterly 
direction  to  Constantine^  crossing  the  Penryn-road, 
about  a  mile  and  half  from  Helston. 

Near  this  boundary^  the  only  vocks  that  present 
themselves  are  massive  greenstones,  such  as  prevail 
near  granite :  No.  797,  is  from  a  projecting  ridge  by 
the  side  of  the  Wendron-road,  a  quarter  of  a  mile 
north  of  the  turnpike ;  and  No.  798,  is  from  Trelill. 

The  rubbish  around  the  abandoned  mine,  near 
Helston,  shews  that  the  country  here  is  composed  of 
the  same  kind  of  thick  laminated  slate,  that  occurs 
at  Tolgus  and  elsewhere,  at  about  the  same  distance 
from  the  granite :  it  is  blue  when  perfect,  but  rapidly 
becomes  whitish  (799.)  from  disintegration;  next 
the  lode  the  slate  (800.)  is  of  a  dark  blue,  and  glossy. 

Leaving  Helston  by  the  Lizard-road,  it  is  soon 
evident  that  the  rocks  are  changed ;  for  the  country 
becomes  bleak  and  barren ;  the  soil  full  of  quartz,  and 
fragments  of  reddish  slate,  as  at  Prince's  Common : 
this  continues  past  the  meeting  of  the  Gweek-road ; 
where,  near  Grange,  the  slate  (801.)  is  whitish, 
decomposing,  and  stained  with  red  lines  at  its  nume- 
rous joints :  this  rock  extends  right  and  left  to  a 
considerable  distance ;  to  the  eastern  banks  of  the 
Looe  Pool  on  one  hand,  and  to  Merthen  Downs  on 
the  other.    Approaching  Rosevear,  another  kind  of 
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fock  is  entered  on :  it  is  a  fine  fissile  Mue  slate,  (802.) 
mcluding  (803»  804.)  thick  laminated  micaceous 
beds ;  and  extends  from  thence  in  the  direction  of 
Helford-river,  as  far  as  Mawaan  and  the  Nare.  It  is 
worthy  of  remark  that  this  rock,  sncceeding  the  red 
decomposing  slate,  gives  rise  to  the  same  roundish 
and  precipitous  hills  here,  as  at  Portreath,.  Towan, 
and  elsewhere. 

From  Roseveat^  by  a  steep  ascent,  the  serpentine 
lis  entered  on:  and  is  first  exposed  to  view  at  & 
quarry  a  little  north  of  Trelowarren-^ate,  on  the 
TOad  to  Coverack.  This  serpentine  (805, 806, 807.)  is 
«f  a  dark  olive  green  eoloqr,  and  of  the  same  nature 
as  that  at  Dranna ;  and  it  is  coated  at  its  joints,  and 
traversed  by  veins  of  that  indurated  steatite  noticed 
at  Coverack.  This  rock  is  here  weH  exposed  to 
view,  divided  by  paraflel  seams  into  layers,  which 
appear,  in  one  part,  to  dtp  south,  at  an  angle  of  35^; 
m  another,  quite  the  reverse :  for  as  these  layers  are 
again  subdivided  into  quadrangular  blocks,  it  is  not 
easy  to  determine  which  side  is  in  the  direction  of 
the  strata ;  if,  indeed,  any  such  exist 

For  about  four  miles  the  road  lies  over  GoonhOIy 
Downs ;  and  the  country  around  is  level  to  a  greater 
extent  than  I  have  seen  in  any  other  part  of  Corn- 
wall. The  descent  from  this  elevated  plain  is  near 
Ttelanvean  and  RoskeUy ;  the  rocks  are  not  exposed 
to  view,  but  the  numerous  farm-houses  appear  to 
mdicate  that  the  serpentine  is  no  longer  present. 

A  Kttle  farther  southward,  is  a  flat  and  unenclosed 
common,  which  is  thickly  strewed  over  with  large 
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blocks  tX  diallage-robk,  <808.)  like    that  betiveea 
Coverack  and  the  Manacles. 

A  little  east  of  Gwinter,  eerpentiae  (809«)  is  exr 
posed ;  it  is  very  brittle,  breaking  into  angular  and 
splintery  fragments,  the  snrfiEiee  of  which  is  smootl^ 
shinii^,  and  of  a  very  dark  >colour :  it  appemrs  to 
dip  northward.  In  contact  with  it  is  an  exceeding 
hard  and  massive  rock,  (810.)  of  a  dark  brown 
colour :  it  is  not  unlike  the  bornblenfe-rock  at  Por- 
thonstock^  and  probabty  bears  the  same  rekUJea  to 
ity  as  the  compact  hornblende«rocks  do  to  the  sIn&CB 
in  which  they  are  imbedded.  Adjoining  the  ferm- 
boose  of  Gwintec,  the  rocks  project  from  beneath 
the  soil  in  the  &rm  of  tors ;  and  bowlders  of  the 
aane  Ue  scattered  around.  The  most  abundsi^ 
kio4  (81U)  is  a  variety  of  diailage-reck,  consisting  <tf 
ii  fine  intermixtmre  of  fetspai!  and  resplendent,  hom- 
blende ;  but  another  kind  consists  almost  entirely  of 
&lspar»  (812.)  being  only  speckled  with  a  light  Uae 
violet  coloured  mineral;  raid  sometimes  i^  (8I34) 
is  entirely  of  a  deep  vioktj  and  resplendent  with 
numerous  crystaUine  laminae  of  diaUage. 

.  These  fidspathic  rocks  extend  to  Black  Head^ 
where  they  form  th^  more,  piomiarat  paits  of  the 
cUC  hounded  on  either  side  by  serpentine.  Hete 
is  a  larse  and  weU  known  bed  of  that  feindi  of 
indwated  steatite  m  often  alinded  to ;  it  (814.).  is 
beantifully  marked  with  brown  arborescent  figures 
on  9k  yellowish  ground :  it  can  only  be  obtained  from 
detached  portions  of  the  eliff ;  and  for  thisspeeiioen 
I  am  indiditAd  tOr  the  Aev.  Henry  Coulsoo. 
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From  Gwinter  to  Kennick  Cove,  the  hill  declines 
steeply  towards  the  west,  and  terminates  in  a  deep 
narrow  valley,  which  affords  an  outlet  to  a  small 
stream  of  Mrater.  This  cove  is  of  considerable  ex- 
tent ;  it  is  covered  with  fine  sand,  and  is  bounded 
on  either  side  by  very  precipitous  cliffs.  The  eastern 
side  of  the  cove  is  formed  of  red  serpentine,  (815.) 
which  derives  its  colour  from  crystalline  laminae 
of  diallage,  like  No.  770,  at  Coverack :  from  the 
appearance  of  some  recently  broken  blocks,  I  am 
inclined  to  think  that  the  deep  red  does  not  belong 
to  this  mineral  in  a  perfect  state,  but  is  occasioned 
by  a  partial  oxidation.  This  red  serpentine  is  tra- 
versed by  a  thick  bed  of  a  very  hard  rock,  (816.) 
apparently  composed  of  crystalline  grains  and  scales 
of  white  and  cinnamon  coloured  quartz  and  felspar : 
the  surface  of  this  rock  is  corroded  into  small  irregu- 
lar pits,  from  the  decay  and  abstraction  of  the  latter 
mineral.  This  bed  runs  north-west,  and  south-east, 
and  dips  north  of  east,  at  a  considerable  angle.  It 
is  the  equivalent  of  the  felspar-porphyries  in  the 
hornblende-rocks,  near  the  granite.  In  the  red 
serpentine  are  also  beds  of  an  olive  green  (817.) 
serpentine,  which  is  very  fine-grained,  and  of  an 
uniform  texture :  it  is  traversed  by  veins  (818.)  of 
talc  and  steatite,  containing  large  crystalline  lamins 
of  red  diallage,  in  which  is  imbedded  a  dark  mineral, 
like  chromate  of  iron. 

The  rocks  at  the  base  of  the  low  central  hill  at 
the  head  of  the  cove,  (819,  820.)  are  also  of  red  and 
olive  green  serpentine ;  they  can  hardly  be  said  to 
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iiltern&iej  although  on  some  spots  they  have  this 
appearance:  but  are  promiscuously  associated.  The 
green  variety  contains  scales  of  greenish  yellow 
diallage,  which  in  th^  dun  shines  like  gold ;  and  is 
thickly  studded  with  silvdry  scales  of  talc  which  in 
the  rdck  look  greenish^  but  When  detached,  prdve  to 
be  white  and  transparent. 

A  little  farther  West,  similar  kinds  (821,  8^2.) 
also  occur ;  and  are  traversed  by  thick  veins  (823, 
824.)  of  talc,  fibrous  and  indurated  next  the  rock, 
but  crystallized  in  the  middle  of  the  veins. 

The  cliffk,  near  the  road  leading  to  Ruan  Minor, 
arb  formed  of  rocks  of  a  different  character.  The 
predominant  rock  (825.)  is  a  kind  of  greenstone,  of 
a  dark  colour,  with  shining  crystalline  grains  t^hich 
are  very  minute.  Viewed  through  the  magnifying 
lens  it  appears  to  consist  of  white  senii^ti^ansparent 
felspar,  and  bladk  hornblende :  or  perhaps  of  some 
magnesian  Satieties  of  these  minerals;  This  greens- 
stone  containft  beds  of  a  hard  coinpact  rock;  and  \i 
traversed  by  ramified  and  irregular  vdins  of  the 
same :  it  is  similar  to  No.  816,  on  th^  eastern  side 
of  the  cove,  with  the  addition,  however,  of  the  last 
mentioned  kind  of  hornblende.  Some  layers  (826.) 
of  this  rock  consist  of  minute  scales  of  hornblende, 
distinctly  ariranged  in  palrallel  rows,  in  a  basis  of 
White  crystftUine  felspar  and  quartz :  others  (827.) 
Mre  ft>tmed  of  a  tnbre  intimate  and  granular  miitttnt^ 
of  these ;  and  sometimes  they  are  coarse-grained; 
(828.)  and  the  felspar  is  separated  into  distinct  con« 
cretioBS.    This  appears  to  be  the  rock^  whieh  has 
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been  called  granite  by  Sir  H.  Davy,*  and  lately  by 
Oeynbausen  and  Decken  :f  it  certainly  is  analogous 
to  the  granitic  compounds,  that  occur  in  the  felspar 
porphyries,  but  cannot  be  considered  in  the  light  of 
granite  veins*  This  rock,  as  just  stated,  throws  out 
irregular  veins  into  the  adjoining  greenstone ;  and 
the  same  is  seen  intersecting  the  serpentine  in  the 
cliff  above :  it  has  a  curious  appearance ;  for  it  first 
runs  along  a  reef  of  rocks,  and  then  rises  perpendi- 
cularly ;  but  if  the  abraded  rocks  could  be  replaced, 
the  singularity  of  the  case  would  vanish. 

The  red  serpentine  of  the  adjoining  cliff  contains 
a  large  bed  of  a  beautiful  rock,  (829.)  composed  of^ 
soft  talcose  kind  of  diallage,  and  an  indurated  rose- 
coloured  steatite. 

From  Kbnmick  Cove  to  the  Lizard. 

About  half-way  up  the*  hill,  on  the  road  to  Cagar, 
a  compact  rock  (830.)  projects  on  the  road-side ;  it 
is  similar  to  No.  827,  and  of  which  it  is,  without 
doubt,  a  continuation. 

At  Cagar  there  is  a  large  quarry  of  serpentine, 
(831.)  which  is  very  dark,  fine-grained  and  compact; 
in  certain  positions  shining  lamins  may  be  seen,  but 
otherwise  it  is  homogeneous ;  for  though  a  fractured 
surface  exhibits  minute  spots  of  a  pale  green  colour, 
this  arises  from  thin  half-abraded  pieces  admitting 
the  passage  of  light,  in  consequence  of  this  compact 
serpentine  being  translucent  at  the  edges. 

*    Vol.  I.  p.  4e.        t    Phil.  Mag.  and  Aimala  of  Pbiloe.  for  ISSO. 
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At  Poltesca,  just  above  Callean  Cove,  the  serpen- 
tine (832.)  is  similar  to  the  last ;  being  of  a  very 
dark  olive  green,  approaching  to  black ;  but  it  con- 
tains scales  of  a  light  coloured  diallage. 

At  Ruan  Minor  the  serpentine  is  of  a  reddish 
brown,  like  that  of  No.  815,  at  Kennick  Cove. 

Turning  into  the  path  through  the  fields,  where 
Cadgwith  Cove  first  comes  in  sight,  the  serpentine 
(833.)  projects  in  a  considerable  mass.  It  is  of  a 
reddish  brown  colour,  and  breaks  into  thick  laminae, 
in  consequence  of  its  containing  numerous  minute 
scales  of  resplendent  hornblende,  which  are  arranged 
parallel  to  these  laminae.  This  schistose  serpentine 
dips  east  of  north,  at  an  angle  of  40<>. 

About  a  hundred  yards  farther  on,  the  path  turns 
again  into  the  road ;  and  there  is  a  section  of  the 
faill,  which  shews  the  rock  (834, 835.)  to  be  the  same 
kind  of  resplendent  hornblende-slate,  as  noticed  at 
Portboustock :  the  upper  part  of  this  slate  (836.) 
is  in  a  state  of  disintegration.  Some  of  the  layers 
of  this  rock  are  striped  by  numerous  quartz-veins 
running  parallel  to  the  laminae.  At  Cadgwith  the 
same  slate  (837.)  as  the  last,  occurs  on  both  sides  of 
the  cove ;  but  it  is  harder,  and  affords  more  perfect 
specimens  than  the  former :  it  may  be  most  distinctly 
seen  dipping  east  of  north,  at  an  angle  of  35^ 

About  half-way  up  the  hill,  on  the  road  leading  to 
the  Lizard,  serpentine  again  makes  its  appearance ; 
it  (838.)  is  of  the  red  variety,  and  appears  to  form 
the  promontory  on  the  western  side  of  the  cove : 
the  inclination  of  the  blocks,  projectiag  above  the 
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soil,  corresponds  with  that  of  the  adjacent  h^n- 
hlende-rocks.  The  hill  ascending  to  Landewednf^di 
is  also  composed  of  (839.)  a  red  fine-graiqed  as^ 
homogeneous  serpentine.  Around  \^^  church  the 
)and  is  very  goodj,  derived  from  the  decomposition 
of  homblenderrooks^  which  (840,  841.)  again  occur 
at  Perranbouse  Cove,  immediately  at  the  foot  of  the 
hill.    The  bearings  are  the  sanie  as  at  Ca4gwith. 

At  Housall  Cove  the  hornblende^late  (842, 843.) 
again  occurs ;  and  in  many  parts  of  the  cliffs  it  is 
traversed  by  short  and  irregular  veins  of  <)uarta  and 
pf  calorspar,  qr  pf  both  these  minerals  associated,  and 
even  intimately  blended  togethert  as  iq  the  slate  ad- 
joining the  limestone  at  Poloquta,  near  Yeryan; 
these  vein^  are  also  curiously  corroded  into  a  hpney- 
pomh  mass,  pwing  to  the  splution  and  abstraction  of 
the  calcrspar,  ^he  rock,  (844,  845.)  immediately  in 
contact  with  these  veins,  is  very  much  altered ;  and 
those  parts  of  it,  (846.)  which  more  particularly 
abound  therein,  have  their  entire  mass  changed : 
and  sometimes  (847.)  particles  of  calc-spar  so  pre- 
dominate, that  this  mineral  may  be  almost  regarded 
i|s  a  constituent  part  of  the  rock.  This  hornblender 
slate,  (848.)  in  some  parts  of  the  cliffs,  is  striped 
with  parallel  layers  of  quartz,  as  at  Cadgwith. 

On  going  from  Landewednack  church  to  the 
Lizard,  a  small  barren  tract  is  passed  over  at  Trpga- 
ininion,  immediately  adjoining  the  school :  and  die 
nature  of  this  change  ^  explained  h^j  the  pumeroos 
projecting  ridges  of  serpentine  (849.)  which  is  of 
^  same  kind  as  No.  839.    On  the  p^ber  side  pf 
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this  tract,  next  Lizard  town,  the  serpentine  (850.)  is 
black,  and  sparkling  with  hornblende.  And  a  little 
iartber  on,  south  of  this  place,  a  ridge  of  greenstone 
crosses  the  road;  the  ingredients  of  which  (851.) 
are  very  distinct,  more  particularly  the  hornblende, 
which  is  crystalline  and  in  exceS|S. 

Adjoining  the  lighthouses,  the  rock  is  more  schis- 
tose, and  is  exposed  to  view,  on  the  side  of  the  path 
leading  to  the  sea-shor^ :  the  upper  part  of  it  (852.) 
is  of  an  ochreous  yellow,  in  consequence  of  a  par- 
tial disintegration,  but  at  the  bottom  of  the  cliff,  it 
(853, 854.)  is  more  perfect,  and  of  a  dark  grey  colour; 
it  is  spft,  and  separates  into  irregular  laminae,  the 
surface  of  which  is  very  glossy.  A  great  discrepancy 
of  opinion  appears  to  exist  concerning  the  nature 
of  this  schistose  rock ;  many  geologists  have  called 
it  mica-slate,  whilst  Dr.  Thomson  and  others  have 
pronounced  it  to  be  clay-slate,  with  a  micaceous 
gloss :  to  me  it  appears  to  be  a  variety  of  talcose 
alate,  having  the  saipe  relations  to  the  type  of  this 
ro^,  (that  is  to  the  compound  of  talc  and  quartz) 
as  the  slate  of  St.  Brewfird  has  to  true  mica-slate ; — 
the  base  in  both  casfis  being  a  granular  compound 
of  felspar  and  quartz,  as  indicated  by  its  great  ten- 
dency to  disintregration,  whilst  the  mica  and  talc 
continue  unchanged.  That  talc,  and  not  mica,  enters 
in^  the  coinposition  of  this  slate,  appears  to  be 
proved  by  its  occurring  in  distinct  scales  in  the  irre- 
gular quartzose  nodules,  (855,  856.)  which  abound 
b^weea  the  laminae  of  this  rock. 

This  talcpse  slate  is  full  of  short  irregular  veins 
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of  quartz ;  and  of  this  mineral  united  with  calc-spaf, 
as  at  Housall  Cove :  and  towards  the  south,  it  is  in 
contact  withy  and  gradually  passes  into,  a  bed  of  an 
iron  grey  rock  (857.)  which  is  very  hard,  and  contains 
minute  particles  of  cale-spar.  Farther  from  the 
slate  this  massive  rock  is  much  stained  with  red, 
(858.)  proceeding  from  the  oxidation  of  iron-pyrites, 
which  may  be  seen  at  the  joints  of  No.  857. 

The  reef  of  rocks  which  at  low  water  may  be  ap- 
proached at  a  considerable  distance  from  the  shore, 
is  composed  of  (859.)  a  hornblende-slate,  traversed 
by  beds  of  compact-felspar  (860.)  which  is  granular 
and  quartzose,  not  unlike  that  at  Kennick  Cove. 

From  the  Lizard  to  Mullion. 

About  a  quarter  of  a  mile  north-west  of  the 
Lizard  town,  on  the  side  of  the  hill  leading  to  the 
downs,  red  serpentine  (861.)  again  makes  its  appear- 
ance,  and  runs  to  the  north  of  Poltreath  Cove.  The 
same  continues  to  Kinance  Cove,  where  it  (862.) 
is  of  a  more  uniform  and  brilliant  red  colour.  This 
oove  is  one  of  the  most  beautiful  on  the  Lizard- 
coast,  and  is  much  frequented  and  admired  for  its 
rocks,  and  the  picturesque  portions  of  the  cliff  which 
have  been  detached  from  the  main  land:  one  of 
the  largest  of  these  has  received  the  name  of  the 
Asparagus  Isle,  on  account  of  this  vegetable  being 
indigenous  thereto.  The  serpentine  here  presents 
great  varieties,  some  of  which  have  been  beautifully 
polibhed  by  the  waves ;  the  red  and  dark  olive  green. 


Dittrict  of  Cornwall.  343 

both  plain  and  spangled  with  different  colourerl.dial- 
lage,  are  common.  I  also  observed  thick  irregular 
veins  of  (863.)  a  light  greenish  grey ;  and  a  dark 
olive  precious  serpentine^  (864.)  which  in  the  mass 
is  opaque,  but  in  thin  pieces  is  translucent  and  of  a 
rich  green.  Here  also,  in  short  and  irregular  beds, 
and  angular  veins,  is  the  same  kind  of  quartzose 
rock,  intermixed  with  felspar,  (865.)  which  has  been 
noticed  at  the  Lizard  Point,  and  at  Kennick  Cove. 

From  Kinance  to  Gue  Graze,  the  path  lies  over 
a  level  barren  downs,  only  diversified  by  crags  of 
serpentine  projecting  above  the  furze  and  heath,  in 
the  vicinity  of  the  sea-cliffs.  At  Gue  Graze,  the 
soap-rock  (866.)  occurs,  as  a  bed  or  layer  in  the 
serpentine,  but  which  has  been  too  often  described 
to  need  more  particular  mention.  Near  this  soap- 
rock  is  an  extensive  bed  of  precious  serpentine  (867.) 
which  is  of  a  fine  dark  brown,  when  viewed  through 
its  translucent  edges ;  No.  868,  is  the  same,  some- 
what intermixed  with  the  red  serpentine ;  and  No. 
869,  is  from  a  vein  of  indurated  steatite,  nearly  allied 
to  the  soap-stone.  Sir  H.  Davy*  states  that  this 
stone  is  not  a  decomposed  mineral ;  but  it  seems  to 
be  analogous  to  ckinorclay. 

On  the  ridge  that  runs  out  to  form  Yelian  Point, 
the  serpentine  (870.)  is  dark  coloured  and  glimmer- 
ing, from  numerous  minute  specks ;  and  is  harder 
than  that  just  past  over.  This  kind  frequently 
occurs  near  the  hornblende-rocks;  and,  therefore, 
indicates  that  these  are  not  far  off:  and  accordingly, 
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a  little  farther  on,  at  Lower  Pradanack  Cove,  thes^ 
rocks  (871.)  form  the  cliffs;  and  are  exactly  of  the 
same  nature  as  those  at  Cadgwith. 

Immediately  north  of  Higher  Pradanack,  the 
downs  He  on  a  dark  compact  serpentine  (872.)  which 
contains  large  scales  of  diallage;  but  descending 
from  the  downs  to  MuUion  Cove,  the  serpentine 
(873.)  protruding  by  the  road-side  is  harder,  and 
bespangled  with  minute  scales;  it  separates  into 
laminae  of  about  an  inch  in  thickness,  the  joints  of 
which  are  glossy,  with  a  greenish  yellow  steatite. 
This  lamellar  structure  of  the  serpentine  was  also 
noticed  near  its  junction  with  the  hornblende-rocks 
at  Cadgwith ;  and  it  seems  to  constitute  the  layers 
that  are  interposed  between  thesd  rocks,  and  through 
the  medium  of  which  the  transition  into  each  other 
is  effected.  This  lamellar  serpentine  ektends  to  the 
sea,  forming  the  left  point,  and  part  of  the  side 
of  Mullion  Cove.  The  upper  part  of  this  cove, 
however,  consists  of  hornblende-slate,  (874.)  which 
contains  beds  of  a  more  crystalline  and  massive 
Variety  (875.)  not  unlike  No.  851,  At  the  Lizards 
The  hill  on  the  northern  side  of  this  cove,  is  com- 
posed of  a  dark  serpentine  (876.)  which  runs  as  firf 
as  the  southern  end  of  Bolerium  Cove.  I  did  not 
go  on  Mullion  Island ;  but,  from  the  nearest  head- 
land, it  appears  to  be  composed  partly  of  serpentine^ 
and  partly  of  hornblende-rocks*  From  the  Lizard 
to  this  place,  the  strata  exhibit  but  few  instances  of 
a  decided  dip ;  and  in  these  it  varied  firom  east  to 
north-eastj  at  an  angle  of  about  85^  to  40^.' 
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From  Mcllion  to  Look  Poot. 

On  the  southern  side   of  Bolerium  Cove,  ate 
the  same  kinds  of  hornhlende-rock,  (877, 878,  870.) 
as  at  Mallion :  and  advancing  toWards  the  head  of 
the  cove,  these  rocks  become  more  compact,  harder, 
and  of  a  more  uniform  and  finer  texture ;  they  (880, 
881,  882.)  are  generally  of  a  dark  blue,  but  somo- 
times  of  a  bluish  white,  (883.)  and  in  hardness  and 
appearance  approach  near  to  homstone,  or  rather 
to  that  kind  of  quartzose  compact-felspar  that  is  so 
abundant  in  the  neighbourhood  of  St  Cleen    The 
joints  of  the  dark  blue  rock  are  slightly  coated  with 
calc^spar ;  and  the  farther  you  recede  from  the  re- 
splendent hornblende-rock,  Na  881,  calcareous  spar 
becomes  more  and  more  abundant :  as  observed  at 
Hottsall  Cove,  the  rock  (884.)  is  altered  in  appear- 
ance adjoining  Ike  large  veins  of  calc-spar ;  some  of 
these  veins  (885.)  consist  entirely  of  the  fibrous 
variety  of  this  mineral.    Near  the  head  of  this  cove 
the  rock  (886,  887.)  is  in  a  very  ruinous  state,  of 
a  rust-colour,  and  thoroughly  decomposed :  the  calc- 
spar  may  assist  in  this  decay,  but  it  is  in  a  great 
measure  owing  to  irourpyrites,  which  is  copiously 
disseminated  throughout  the  rock. 

The  rocks  that  occur  northward  of  the  ]ast>  form 
the  base  of  the  low  cliff  adjoining  the  road ;  and  are 
of  a  different  nature  from  any  between  this  and  the 
Lizard.  The  slate  (888,889.)  breaks  into  regular 
thin  laminae,  having  a  smooth  surface ;  and  contains 
Altemating  layers  (8fl0.)  which  are  coarse,  arenace- 
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ous,  and  abounding  in  minute  specks  like  mica :  in 
shorty  these  rocks  resemble  those  at  the  Nare^  near 
the  commencement  of  the  serpentine  on  the  eastern 
coast.  It  is  a  curious  circumstance^  but  one  that 
seldom  fails^  that  when  any  sudden  and  great  altera- 
tion in  the  nature  of  the  rocks  takes  place,  the  layers 
next  the  junction  are  in  a  state  of  great  decay. 
Perhaps  galvanism  may  be  evolved  by  the  contact 
of  dissimilar  strata,  and  facilitate  this  decomposition  : 
or  it  may  be,  in  some  measure,  owing  to  an  obstruc- 
tion in  the  percolation  of  water,  the  direction  of  the 
laminse  af  the  rocks,  in  juxtaposition,  being  opposed 
to  each  other  ;  for  it  is  well  known,  that  where  water 
is  accumulated,  as  in  the  case  of  lodes^  the  rock  is 
oftentimes  more  extensively  disintegrated,  than  in 
those  parts  that  are  remote  therefrom. 

Rocks  similar  to  the  last  continue  to  Poljew  Cove : 
on  the  left-hand  side  of  which  the  slate  (891,  892.) 
is  more  fissile ;  and,  at  the  joints,  have  those  curved 
markings,  so  often  noticed  in  rocks  of  this  kind ; 
the  compact  beds  (893.)  are  more  micaceous  than 
the  last,  and  are  of  a  yellowish  colour  from  a  partial 
disintegration ;  but  on  the  other  side  of  the  cove 
it  (894.)  is  perfect,  and  of  a  dark  blue. 

At  Gunwalloe  Cove,  the  slate  is  more  smooth, 
glossy,  (895.)  and  fissile,  resembling  that  at  Godrevy 
Point,  on  the  north  coast ;  and  like  it  also  the  com- 
pact beds  (896.)  by  which  it  is  traversed,  are  more 
felspathic,  and  decompose  into  a  soft  white  clay. 
No.  897,  from  the  same  place,  is  intermediate,  both 
in  position  and  in  nature,  between  the  two  last.    The 
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lower  part  of  the  diluvial  deposit  which  here  rests 
on  the  rocks^  and  forms  the  cliff,  above  high  water- 
mark, has  been  consolidated ;  and,  judging  from  its 
ochreous  colour,  this  has  been  effected  through  the 
agency  of  carbonate  of  iron :  the  lowest  part  of  this 
bed  is  (898.)  a  conglomerate  of  rounded  pebbles, 
and  fragments  of  slate ;  on  this  rests  (899.)  a  large- 
grained  sandstone ;  and  above  it  (900.)  a  fine  one 
possessing  but  a  very  slight  degree  of  cohesion,  and 
this  passes  upwards  into  a  loose  unconsolidated 
bed  of  earth.  This  deposit  reposes  horizontally  on 
the  ends  of  the  strata,  which  here,  as  well  as  at 
Poljew,  dip  S.  E.,  at  an  angle  of  30^  From  hence 
to  Looe  Pool^  is  an  extensive  strand  of  siliceous 
sand :  and,  in  the  hill  above  the  cliff,  the  same  kinds 
of  schistose  and  compact  rocks  as  the  last  (901, 902, 
903.)  alternate  with  each  other.  The  eastern  side  of 
the  Looe  Pool,  about  two  miles  from  Helston,  is 
barren  ;  and  is  formed  of  slate  which  becomes  red  on 
decomposing,  and  abounds  in  quartz-veins,  as  at 
Helston  Downs,  and  Prince's  Common. 

From  Hayle   to  Godolphin  and  Tregonming 
Hills,  Wheal  Vor,  Sithney,  and  Helston. 

Around  Hayle,  a  dark  blue  hornblende-rock  (904.) 
prevails ;  it  is  prone  to  decay,  by  which  it  becomes 
of  a  yellowish  colour,  and  full  of  innumerable  joints 
and  fissures.  It  contains  beds  of  a  compact  rock, 
which  is  blue  when  perfect ;  but  it  is  changed  to  a 
considerable  depth,  being  almost  converted  into  an 
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indurated  white  clay,  stained  at  the  joints  by  iron, 
as  in  Nos.  905,  006,  907,  908,  which  resemble  the 
compact  rock  at  Godrevy  and  Gunwalloe.  These 
rocks  dip  east  of  south,  at  about  30®. 

Between  Trelisick  and  Norman's  Land,  a  thick 
lamellar  slate  (909.)  occurs,  and  next  the  quartz- 
veins  it  (910.)  is  of  a  darker  colour,  and  soils.  On 
the  down  between  Fraddam  and  Pooley,  a  decom- 
posing red  hornblende-slate  (911.)  is  exposed  in 
several  places;  but  I  could  not  obtain  a  perfect 
specimen  of  the  rock.  It  contains  compact  horn- 
blende-rocks :  in  one  kind  (912.)  the  shining  laminse 
of  hornblende  are  distinct ;  but  in  another  (913.) 
this  mineral  is  intimately  combined  with  the  com- 
pact-felspar, forming  a  well  marked  greenstone. 

At  the  bottom  of  the  hill  at  Kerthen,  the  slate 
(914.)  is  cut  through  by  the  road :  it  is  a  light  blue 
fblspar-slate,  interlaminated  with  scales  of  a  micace- 
ous mineral:  on  decomposing,  it  (915.)  becomes 
much  stained  with  iron,  particularly  at  the  joints. 

At  Godolphin  Bridge,  the  numerous  shafts  shew 
that  the  rock  is  a  blue  slate,  (916.)  full  of  dark, 
almost  black,  granules ;  it  resembles  that  at  Roach, 
St.  Stephens,  Cligga,  and  elsewhere,  adjoining  the 
granite:  on  decomposing,  it  (917,  918.)  becomes 
whitish,  and  the  spots  of  an  ochre  yellow.  Crossing 
the  bridge  and  immediately  ascending  Godolphin 
Hfll,  the  slate  is  seen  to  extend  about  a  third  of  the 
way  up  the  slope ;  and  is  then  succeeded  by  (919.) 
granite :  this  rock  is  coarse-grained,  but  differs  some- 
what from  the  conuuon  comish  granite,  in  haviiig  a 
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basis  of  granular  felspar^  which  readily  decays ;  and 
in  which,  white  crystals  of  felspar,  nodules  of  clear 
quartz,  and  black  mica,  are  thickly  imbedded.  On 
the  eastern  part  of  this  hill,  next  the  Great  Work 
mine,  the  rock  (920.)  is  of  the  same  description. 
This  hill  is  traversed  by  numerous  quartas-yeins  of 
considerable  size,  which  protrude  in  the  form  of 
short  and  disjointed  ridges :  many  of  these  abound 
in  shorl,  (921.)  both  distinctly  crystallized  and  inti- 
mately combined  with  the  quartz,  giving  rise  to 
large  blocks  of  granular  and  compact  shorWock. 

The  granite  (922,  923.)  from  the  Great  Work  is 
similar  to  the  last,  but  is  in  a  more  perfect  state : 
in  some  parts  of  this  rock  the  felspar  is  red.  The 
lode  (924.)  consists  of  white  crystalline  quartz,  and 
a  beautiful  dark  green  chlorite:  the  ore  is  oxide 
of  tin,  of  a  superior  quality.  At  the  lowest  part  of 
the  hollow  curve  between  Godolphin  and  Tregon- 
ning  Hills,  the  rock  (925.)  near  the  surface,  has  a 
schistose  structure,  separating  into  thick  laminse, 
which,  on  the  cross  fracture,  are  marked  by  lines 
parallel  thereto:  this  rock  is  much  decayed,  and 
stained  by  red  oxide  of  iron ;  it  is  probably  composed 
of  granular  felspar,  interlaminated  with  mica. 

Tregonning  Hill  appears  to  ccmsist  almost  entirely 
of  a  talcose  granite,  (926.)  very  like  the  chinarstone  of 
St.  Stephens :  indeed  some  parts  of  it  is  extensively 
decomposed,  and  has  been  worked  for  china-clay. 
This  kind  of  granite  contains  large  beds  (927, 928.) 
composed  almost  entirely  of  granules  of  white  quartz, 
the  interstices  being  occupied  by  a  yellow  granular 
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talc.  There  are^  however,  in  this  hill  some  beds  of 
fine*grained  granite,  (929.)  which  has  been  quarried 
on  a  great  scale,  as  a  building  stone,  more  particu- 
larly for  window-sells,  lintels,  pillars,  and  other  orna- 
mental parts,  for  which  purposes  it  is  well  adapted, 
as  it  splits  readily  into  long  blocks  and  slabs ;  it  is 
generally  called  Breage  stone,  as  it  occurs  near  the 
village  of  this  name.  The .  rock  at  the  upper  part 
of  the  quarry  is  much  disintegrated. 

From  Tregonning  Hill,  through  the  extensive 
mine  of  Wheal  Yor,  the  successive  shafts  exhibit  an 
interesting  series  of  rocks:  but  before  describing 
them  it  may  be  observed  that  the  hills  just  passed 
over  form  an  insulated  mass  of  granite,  being  sepa- 
rated from  the  main  patch  of  granite  at  Wendron 
and  Crowan,  by  a  long  trough  or  channel  of  slate. 

The  rocks,  next  the  granite  of  Tregonning,  are 
precisely  of  the  same  description  as  those  at  Dolcoath 
and  Cook's  Kitchen,  already  noticed :  viz.  alterna- 
ting beds  of  massive  and  lamellar  rocks.  The  latter 
has  been  often  called  Jeillas  by  geologists  after  the 
miner :  but  although  this  distinction  may  be  sufficient 
for  practical  purposes,  it  conveys  an  incorrect  idea 
of  this  rock,  which  like  the  massive  variety  is  prin- 
cipally composed  of  compact-felspar.  So  likewise 
the  massive  rock  has  been  called  granite,  but  it  is,  in 
fact,  a  felspar  porphyry,  with  imbedded  crystals  of 
felspar,  quartz,  and  mica ;  which  minerals  are  some- 
times entirely  wanting,  and  at  other  times  so  far  pre- 
dominate as  to  produce  a  granular  compound,  like 
true  granite.    On  this  vieW  of  the  subject,  there  is 
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no  difficulty  in  conceiving  that  all  these  varieties 
should  alternate  with,  and  gradually  pass  into,  each 
other.    The  heaps  of  large  frag^lents  around  the 
shafts  near  Carleen,  shew  these  rocks  united  together, 
and  confirm  hoth  their  contemporaneous  nature,  and 
the  report  of  the  miners,  that  they  alternate :  No. 
930,  is  felspar-slate,  like  that  of  Dolcoath ; — No.  931, 
patches  and  irregular  veins  in  the  last,  consisting  of 
quartz,  felspar,  and  mica,  separately  crystallized  in 
large  pieces,  the  mica  is  of  a  dark  garnet  colour  and 
brittle ;  No.  932,  shews  the  junction  of  the  purple 
felspar-slate    with  white  semi-crystalline   compact- 
felspar  ;  No.  933,  forms  the  connecting  link  between 
tbe  last  and  No.  934,  which  is  a  granular  compound, 
such  as  is  often   found  in   the  middle  of  felspar 
porphyry,  and  which  resembles  granite ;    No.  935, 
exhibits  this  granite  rock  traversed  by  a  metalliferous 
quartz-vein.       Still  proceeding   eastward  from  the 
granite  of  Tregonning  Hill,  we  find,  at  the  next  shaft, 
(936.)  a  blue  slate  more  fissile  than  the  last,  with 
fibrous  markings  on  the  fractured  surface  sometimes 
parallel,  sometimes    stellated ; — Nos.  937,  938,  are 
specimens  of  this  rock  in  different  stages  of  disin- 
tegration, and  No.  939,  a  fissile  silky  blue  slate, 
containing  veins  of  quartz,  (940.)  which  are  separa- 
ted into  two  parts  longitudinally  by  crystallized  talc ; 
Nos.  941,  942,  943,  944,  are  a  succession  of  schistose 
rocks  of  a  similar  nature  to  the  last,  gradually  becom* 
ing  more  regularly  laminated; — No.  945,  is  a  slate 
almost  black  and   decomposing  into  (946.)  a  red 
friable  mass,  in  this  rock  the  quartz-veins  (947.)  are 
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much  intermixed  with  compact  shorl-rock ;  this  slate 
occupies  the  middle  of  the  valley  between  the  Tre- 
gonning  and  Wendron  hills,  and  is,  therefore,  on 
either  hand  the  most  remote  from  the  granite ;  it 
corresponds  with  the  red  rock  of  the  barren  downs 
which  succeed  the  blue  slate  at  Prince's  Common, 
and  elsewhere ;  it  is  traversed  by  a  large  elvan-eaurse, 
which  (948.)  is  a  coarse  compact-felspar  with  dis- 
seminated crystals  of  iron-pyriti^ :  No.  949,  is  the 
same  decomposing.  At  the  eastern  extremity  q( 
this  mine  the  zoned  and  variegated  shorl-rock  (950.) 
is  very  abundant ;  according  to  the  miners  it  does 
not  here  form  the  iode,  but  beds  or  floors  near  the 
lode :  it  is  very  probable  that  nearer  the  granite  the 
slate  rocks  may  be  of  a  similar  nature  to  those  of 
the  Fat  Work  mine  near  Indian  Queens. 

Between  Sithney  and  Helston,  the  country  con- 
sists of  hornblende-slate,  (951.)  which,  at  Sithney 
Green,  contains  (952.)  a  fine-grained  granitic  ebntm. 

From  Hjslston  to  Portlevbn,  Trewavas  Hsad, 
Pra-samps,  and  Cuddan  Point. 

Around  Helston,  hornblende-ro<^s,  both  massive 
and  schistose,  prevail : — Nos.  953, 954,  are  from  the 
hill  beyond  the  western  turnpike. 

Similar  kinds  of  rocks,  becoming  more  fissile  and 
finer  grained,  as  you  recede  from  Helston,  continue 
to  Portleven,  as  in  the  following  specimens  Nos.  955, 
956,  957,  958, 959,  960,  the  two  last  of  which  are 
from  the  right  side  of  Portleven  Harbour. 
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At  Tremearne^  about  a  mile  and  a  half  north-west 
of  the  last  place^  a  deep  and  narrow  valley  runs  down 
towards  the  sea ;  the  access  to  the  cliffs  is  by  a  nar- 
row path  cut  through  the  bed  of  diluvium  that 
reposes  on  the  rocky  stratum.  Turning  to  the  left 
round  the  nearest  point  of  the  cliff,  the  rock  is  ex- 
cavated by  the  sea  into  a  deep  but  narrow  chasm,  in 
the  direction  of  a  soft  decomposing  lode ;  the  rock 
itself  is  also  much  disintegrated,  and  is  stained  at  the 
joints,  and  in  patches,  by  the  oxidation  of  iron-pyrites : 
it  is  a  kind  of  felspar-slate  (961.)  of  a  light  blue,  with 
dark  coloured  spots,  like  that  near  granite  so  often 
described,  and  it  is  glossy  from  innumerable  specks 
like  mica.  Nos.  962,  963,  are  specimens  of  it,  in 
different  stages  of  decay.  Some  parts  of  this  rock 
(964, 965.)  are  of  a  finer  grain  and  more  fissile. 
It  is  traversed  by  numerous  quartz-veins  which  are 
exceedingly  tortuous  in  their  course. 

Near  the  descent  from  the  cliffs,  the  rock  (966.)  is 
more  compact,  separating  into  thick  laminae:  it 
exactly  resembles  the  schistose  rock  next  the  granite, 
at  Wheal  Vor  and  Dolcoath. 

The  granitic  veins  are  not,  in  composition,  like 
those  of  Dolcoath ;  but  partake  more  of  the  nature 
of  the  prevailing  variety  of  the  adjoining  hill,  which 
is  a  continuation  of  that  of  Tregonning.  The  small 
veins  (967.)  are  generally  harder  than  the  large  ones, 
owing  to  the  predominance  of  granules  of  quartz 
intimately  intermixed  with  minute  particles  of 
felspar  and  talc :  sometimes  shorl  is  present,  (968.) 
and  then  this  granitic  stone  is  much  harder  than  the 
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preceding.  The  large  veins  consist  of  a  fine-grained 
talcose  granite  (969.)  which  becomes  (970.)  yellowish 
on  decomposition ; — it  is  also  traversed  by  short  irre- 
gular veins,  in  which  the  felspar,  quartz,  and  talc, 
occur  in  large  crystallized  groups,  the  first  mineral 
in  particular  (971.)  being  well  defined.  The  middle 
part  of  these  veins  are  most  granitic,  and  that  of  the 
large&t  veins  (072.)  cannot  be  distinguished  from  the 
granite  of  the  main  mass. 

At  the  brow  of  the  hill,  west  of  Tremearne,  and 
opposite  a  little  creek  at  Trequean,  the  granite  (973.) 
projects,  and  is  on  a  line  with  the  head-land  between 
this  place  and  Trewavas  Head:  this  rock  (974.) 
differs  from  the  last,  its  talc  being  of  a  deeper 
yellow,  and  not  in  crystalline  scales.  At  Trewavas 
Head,  the  granite  (975.)  is  harder,  and  more  like  the 
Breage  stone : — it  forms  magnificent  cliffs.  Imme- 
diately under  Rinsey  a  patch  of  felspar-slate  (976.) 
lies  on  the  side  of  the  granite,  as  at  Tremearne ;  and 
exhibits  similar  phenomena:  it  extends  round  the 
head-land  as  far  as  the  village  of  Pra,  where  the 
granite  projects  in  large  scattered  masses,  giving  this 
place  a  wild  and  alpine  appearance. 

An  immense  bank  of  siliceous  sand  skirts  the  shore 
between  Pra  and  the  other  side  of  the  cove,  where 
the  land  runs  out  into  Peden-due  Point :  in  a  little 
recess^  not  far  from  Paigersick,  the  hornblende-Blate 
(977.)  is  intersected  by  an  ehanrcourse^  which  lies 
west  of  north,  and  east  of  south,  dipping  N.  £., 
at  an  angle  of  45^  This  elvan  is  a  fekpar-porphyry, 
which  (978.)  in  the  middle  resembles  a  coacse  por- 
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pfayritic  granite,  the  crystals  of  which  are  flesh- 
coloured: — ^next  the  slate  it  is  composed  almost 
entirely  of  (979.)  compact-felspar;  and  the  slate 
itself,  in  immediate  contact  with  the  latter,  is  (980.) 
very  much  intermixed  with  quartz,  the  same  as  in 
the  case  of  the  elvans  near  Penzance ; — the  last  kind 
is  succeeded  by  No.  981,  which  completes  the  tran- 
sition into  the  hornblende-slate.  No.  977. 

Peden-due  consists  of  hornblende-rocks,  (982, 983, 
984.)  similar  to  the  last :  which  are  succeeded  by 
the  felspar-rocks  of  Cuddan  Point,  (985,  986.) 
abounding  in  veins  of  actynolite,  and  resembling 
the  Lariggan  rocks,  near  Penzance. 

Before  concluding  the  account  of  this  district,  I 
must  observe  that  I  did  not  carefully  examine,  nor 
obtain  specimens  from,  that  part  included  between 
Truro,  Chasewater,  Gwennap,  and  Mylor.  There 
are,  however,  in  the  Museum  a  well  selected  series 
of  specimens  illustrative  of  the  western  portion  of 
it,  presented  by  Mr.  W.  M.  Tweedy :  amongst  these, 
are  many  varieties  of  felspar-porphyries ;  some  of 
which  far  exceed  in  beauty  any  that  I  have  met  with, 
having  perfect  crystals  of  felspar,  and  of  quartz. 

It  may  have  been  observed,  that  I  have  seldom 
noticed  the  phenomena  of  metalliferous  veins :  I  pur- 
posely avoided  this  subject,  because  Mr.  Henwood, 
who  is  engaged  in  a  survey  of  the  lodes  of  Cornwall 
and  Devon,  will  personally  obtain  that  information, 
for  which  I  must  have  been  solely  indebted  to  the 
Captains  of  the  mines. 
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CHAP.  IV. 


ON  THE  GEOLOGY  OF  THE  LAND*8  END  DISTRICT 

OF  CORNWALL. 


This  District  comprises  that  part  of  the  county, 
which  is  bounded  by  the  Carnbrea  District  on  the 
east,  and  on  all  other  sides  by  the  sea :  it  is  less  in 
superficial  extent  than  either  of  the  other  districts ; 
but  it  yields  to  none  in  geological  interest,  exhibiting 
numerous  sections  at,  or  near,  the  junction  of  the 
granite  with  the  slate. 

Accounts  of  various  parts  of  this  district  have 
constituted  the  principal  contents  of  the  Society's 
Transactions :  I  shall  not,  therefore,  enter  into  details 
on  this  subject,  as  it  would  occasion  needless  repe- 
titions ;   but  shall  only  make  a  few  general  remarks. 

The  greater  part  of  this  district  is  composed  of 
granitic  rocks,  the  boundaries  of  which  have  been 
accurately  laid  down  by  Dr.  Forbes,  with  the 
exception  of  a  projecting  portion  at  Gunwin  Point, 
between  Lelant  and  St.  Ives,  as  first  noticed  by  our 
Secretary,  Mr.  Giddy. 

**  This  granite  "  observes  Dr.  Forbes,*  **  being  an 
unstratified  rock^  containing  no  subordinate  beds, 
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and  never  being  found  to  alternate  with  any  of  the 
rocks  contained  in  the  other  formations^  offers  little 
variety  to  excite  curiosity  or  research."  To  these 
remarks  I  cannot  assent :  for  the  granite  of  this 
district,  on  the  contrary,  abounds  in  variety,  and  in 
interesting  phenomena ;  much  more  so,  indeed,  than 
the  granite  of  any  other  part  of  Cornwall. 

Mr.  Came  has  minutely  described  the  numerous 
granitic  veins  at  the  junctions ;  has  recorded  several 
instances  of  granite  veins  in  granite ;  and  has  pointed 
out  the  alteration  which  granite  experiences,  in  its 
composition,  where  it  is  in  contact  with  quartz-veins  : 
he  has  also  given  an  account  of  two  ''  granitic  el  van 
courses"  in  the  granite,  which  appear  to  me  to 
deserve  particular  attention :  one  of  these  at  Mean, 
in  Sennen,  is  seventy  feet  wide,  running  nearly  north 
and  south ;  the  other  at  Bosava,  in  Paul,  is  a  regular 
channel  of  much  greater  width,  and  ''  it  appears  to 
be  bounded  at  both  ends,  as  well  as  on  each  side,  and 
may,  perhaps,  be  considered  as  a  mass  of  a  peculiar 
kind  of  granite  in  the  midst  of  a  granitic  country, 
with  as  much  propriety  as  an  ehan-^ourse*'*  In  the 
preceding  pages  I  have  mentioned  several  places,  in 
the  various  districts,  where  peculiar  granitic  rocks 
are  contained  in  the  common  granite  in  distinct  beds, 
after  the  manner  of  porphyry  in  the  slate;  and 
which  are  highly  inclined,  but  which  (as  is  also  the 
case  with  the  different  strata  of  the  schistose  rocks) 
are  not  always  continuous  for  any  considerable  dis- 
tance.   This  I  believe  holds  good  with  the  granite 
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will  be  of  essential  service  to  the  Society,  by  furnish- 
ing an  outline  which  may  be  corrected  and  filled  out 
by  those  Members,  who  otherwise  might  not  have 
been  induced  to  record  their  observations. 

In  concluding  the  account  of  my  survey,  I  take 
this  opportunity  of  expressing  my  obligations  to 
Mr.  Rosevear,  of  Boscastle,  for  his  hospitality  and 
other  kind  services,  whilst  in  his  neighbourhood :  I 
have  also  to  acknowledge  the  polite  attentions  of 
Mr.  Sloggatt,  of  the  same  place ;  of  the  Rev.  Henry 
Coulson,  Rector  of  Landewednack ;  of  the  Rev. 
Canon  Rogers ;  and  of  the  Rev.  Samuel  Trist,  of 
Yeryan.  And,  lest  this  short  list  of  acknowledge- 
ments, after  such  long  excursions,  should  lead  any 
one  to  think  that  comish  hospitality  is  on  the  de- 
cline, I  must  in  justice  state  that  I  received  many  and 
urgent  invitations,  even  from  strangers : — ^but  I  soon 
learnt  that  such  intercourse,  though  very  agreeable, 
interfered  too  much  with  the  object  in  view.  I  ac- 
cordingly avoided  society  altogether ;  and  applying 
to  no  one  for  information,  contented  myself  with 
examining  such  objects  as  came  in  my  way,  and 
which,  in  a  country  like  Cornwall,  could  not  fail  of 
being  both  numerous  and  interesting.  Without 
doubt,  on  this  plan,  many  important  facts  have 
escaped  my  notice ;  but  these  deficiencies  will,  I  trust, 
be  compensated  by  the  other  Members  completing 
the  survey  of  their  respective  neighbourhoods. 
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CHAP.  V. 

GENERAL   OBSERVATIONS   ON    THE    GEOLOGY 

OF    CORNWALL. 


[aving  described  the  Cornish  rocks  according  to 
dr  geographical  positions^  it  is  now  proposed  to 
^mpt  a  classification  of  the  same ; — to  ascertain 
^ir  geological  relations  towards  each  other ; — ^and 
discuss  some  theoretical  subjects^  suggested  by 
facts  already  recorded. 
i  Cornwall  is  almost  entirely  composed  of  primary 
sks^  which  have  been  generally  divided  into  the 
Lnite  and  slate  formations :  but  this  term,  forma- 
»n,  is  not  strictly  correct,  (as  will  be  seen  in  the 
[uel)  because  it  implies  a  distinction  which  does 
^t  exist  in  nature ;  it  is,  however,  often  convenient 
be  able  to  refer  to  these  individually,  and  it  is, 
lerefore,  proposed  to  call  them  the  granitic  and 
^histose  groups  of  the  primary  class.    In  addition 
these,  Cornwall  also  contains  two  small  patches  of 
lerivative  or  fragmentary  rocks :  one,  consisting  of 
[conglomerate  and  grey  wack^,  at  the  Nare,  in  Helford 
I  Harbour;  and  the  other,  of  red  sandstone,  at  Caw- 
\^^^^^  sand ; — both  of  which  belong  to  the  epoch  of  the 
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Plymouth  or  mountain  limestone.  The  county  af- 
fords no  example  of  the  more  recent  formations,  with 
the  exception  of  the  diluvial  and  alluvial  deposits. 

The  granite  of  Cornwall  occurs  in  eight  insulated 
groups;  four  of  which  are  much  larger  than  the 
others,  and  are  situated  in  the  centre  of  their  respec- 
tive districts.  The  smaller  groups  have  been  sup- 
posed, by  many  geologists,  to  have  had  a  different 
origin  from  that  of  the  larger  ones :  th«f  granite  of 
St  Miehaers  Mount,  in  particular^  has  given  rise  to 
much  controversy ;  and  concerning  that  of  Cligga 
Point,  ixeitc  St.  Agues,  the  Rev.  Mr.  Conybeaiie^  iia& 
observed,  that  it  would  probably  be  considered  by 
the  Wettferian  schodi,  as  a  itewer  formation,  t  can** 
n<yt,  however,  see  any  good  reasons  for  this  opinSoii : 
these  groups  differ/  indeed,  very  materially  froin 
each  other  in  point  of  size,  but  the  smallest  of  them/ 
at  their  junction  with  the  slate,  exhibits  the  same 
phenomena  as  the  largefst ;  so  that  it  is  reasonaUe  ta 
cMidude,  that  all  the  ^oups  have  the  same  origiB. 

It  has  also  been  generafiy  stated,  tliat  the  ftiir 
{jTincipal  groups  of  granitte  are  situated  on  a  Kne 
drawn  from  Launceston  to  the  Land^s  End  :  btit,  <kt 
reference  «6  the  annexed  map,  it  will  be  seen  tkiit 
suth  a  line  will  not  touch  the  grange  of  the  centHd 
district,  and  only  pass  through  the  extreme  northi^m 
part  of  that  "of  Ca'rnbrea ;  and  the  departure  there- 
from win  be  still  more  evident,  when  we  regard  t^e 
Whol^  df  thfe  Ocrynian  range,  includiiig  the  grAUile 
of  l>BirtMM>r,  and  <^  the  Scilly  Islands. 
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Perhaps  \%  may  be  deemed  too  f^9cifi\L  hut  it 
appears  to  me  that  these  grQP|>s  of  gmnite  are  npt 
parts  of  t)^e  same  ra^ge,  hut  belong  tp  three  distinct 
iranges^  all  lying  pfirallel  to  ei^ch  other,  and  running 
north-east  and  south-M'est ;  a  direction  common  to 
the  adjacent  strata,  and  to  the  principal  metalliferous 
veins.  On  this  vie^r  of  the  subject,  the  first  or 
northern  range  would  correspond  with  a  line  drawn 
through  the  Scilly  Isles,  the  Land's  End,  and  Cligga 
Point ; — ^the  second  or  intermediate  one  would  in- 
clude the  gri^nite  oi  the  eastern,  central,  and  Cam- 
brea  districts ;  and  the  third  or  southern  one  would 
ran  i)iv0^h  the  grapite  of  Dartpoor.  On  the  north 
<>r  theae^  a  xwg^  may  abo  exist  ^t  I^undy  Isfland ; 
^f)A  on  the  south,  another  «t  ^ddistone :  and  the 
fpranitie  ranges  pf  Scotland,  and  of  Brittany  are  s^^id 
^  have  woil^ur  hopajrings. 

If  the  exM^nce  of  these  minor  a^  parallel  ranges 
m^^^  establish^  it  woqld  explain  the  qcpurrence  of 
4^y«U41ine  roeks  at  %  considerable  distance  from  the 
central  granite,  though  similar  to  thpj^  in  its  vicinity. 
1^  ift,  t))erefi>re^  no.t  improbable  tbat  the  si^nitic  fock 
«f  Art^r's  Ca^le,  (reaewhlu^  thjit  of  Davidstpw,) 
And  the  felspar-rocks  of  Trevpse  Kead,  aod  Stopper 
JPpint^  may  be  xf^x  grapit* ;  for  they  are  not  fv 
j^^qqi  the  liqe  of  th^  northern  rfM^e.  Jn  like  manner, 
4}^  minipg  district  pf  St.  Agnes,  though  remote  from 
^  fi^ntral  granite,  indicate?  that  tihis  rock  is  not  far 
^(^t ;  which  is  actually  proved  by  a  vosfis  of  well 
ch^Kt^cteri^ed  granite  protrudipg  at  Cligga  Point. 
l^l^e^  parallel  rapges  would  alsp  explain  another  in- 
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teresting  circumstance ;  viz.  on  proceeding  north  or 
south  from  a  central  patch  of  granite,  the  slate  for 
several  miles  dips  from  that  rock ;  but  it  suddenly 
inclines  from  an  opposite  point  of  the  compass,  and 
retains  its  new  direction  until  it  is  lost  in  the  sea. 
May  not  the  slate,  having  this  reversed  inclination, 
be  the  termination  of  another  series  of  rocks  which 
conformably  recline  on  the  granite,  belonging  to  a 
parallel  range  ?  This  solution  will  likewise  clear  up 
some  of  the  difficulties  regarding  the  nature  of  the 
Lizard  serpentine :  for  if  the  diallage-rock  be  the 
equivalent  of  granite ;  or  if  a  mass  of  this  rock 
exist  south  of  the  Lizard  as  a  continuation  of  the 
Dartmoor  range,  we  have  a  reason  why  these 
strata  dip  towards  the  centre  of  the  district:  and 
why  these  crystalline  rocks  succeed,  and  are  ap- 
parently superior  in  order,  to  strata '  containing 
limestone.  This  idea  of  several  parallel  ranges 
suggested  itself,  since  the  completion  of  my  survey : 
it  is  an  interesting  speculation,  and  may  lead  to 
farther  enquiries. 

The  granitic  patches  of  the  several  districts, 
undergo  a  gradual  declension  in  height,  from  the 
north-east  to  the  south-west ; — thus,  the  granite  of 
the  eastern  district  is  the  most  elevated,  and  that  of 
the  Land's  End  the  lowest :  the  line  of  their  junction 
with  the  slate  follows  the  same  order ;  so  as  in  the 
one  case  to  attain  a  height  of  nearly  1,000  feet,  and 
in  the  other  to  be  often  below  high  water-mark. 
And  this  holds  good  as  far  as  the  Scilly  Isles,  where 
the  land  is  so  depressed  that  granite  is  the  only 
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rock  that  makes  its  appearance.  It  is  probable  that 
the  space  between  these  Isles  and  the  Land's  End, 
celebrated  in  legends  under  the  name  of  the  Lionesse, 
did  once  exist  as  dry  land ;  two  causes  having  ten- 
ded to  its  submersion :  one,  the  gradual  degradation 
of  the  soft  schistose  rocks ;  the  other,  the  periodical 
elevation  of  the  sea-Ievel.  The  period,  however,  at 
which  this  took  place,  must  have  been  long  anterior 
to  the  earliest  tradition ;  unless  other  causes,  than 
those  now  existing,  have  been  in  operation. 

It  is  worthy  of  remark,  that  the  fertility  of  these 
granitic  groups  gradually  increases  as  they  diminish 
in  elevation ;  and  in  confirmation  of  which,  I  may 
point  out  the  curious,  though  not  surprising,  coinci- 
dence, that  the  number  of  parish-churches  thereon 
follows  the  same  order :  thus,  in  the  Eastern  District, 
there  is  only  one  church  situated  on  the  most  exten- 
sive tract  of  granite ;  in  the  Central,  there  are  three 
on  this  rock;  in  the  Carnbrea,  six;  and  in  the 
Land's  End  District,  no  less  than  nine. 

It  is  the  general  opinion  that  the  several  groups 
of  granite  incline  towards  each  other,  and  are,  at 
some  unknown  depth,  all  united  into  one  common 
mass ;  the  intermediate  hollow  spaces  being  occupied 
by  the  schistose  rocks.  Thus,  the  insulated  groups 
of  granite  resemble,  in  some  measure,  the  summits 
of  mountains  elevated  above  an  ocean  of  slate  which 
fills  their  valleys.  This  opinion  is  supported  by  the 
facts,  that  at  the  junction,  the  granite  is  seen  to  dip 
under  the  slate  at  a  considerable  angle,  seldom  less 
than  40^.  or  45°. :  and  that,  in  mines  several  hundred 
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yards  tberefromj  this  rock  is  ateo  found  at  a  great 
depth  under  the  slate,  having  a  similar  inclinatum. 
The  granite  has  not  been  penetrated  into  in  the 
mines  remote  from  the  junction ;  nor  i»  this  to  be 
wondered  at,  for  no  mine  has  been  sunk  so  deep  as 
five  hundred  yards;  whilst  the  slate,  allowing  an 
inclination  of  40o.  to  the  granite,  must  in  many 
places  exceed  three  miles  in  depth ;  a  measure  which 
is  very  insignificant,  when  compared  with  the  diame- 
ter  of  the  globe ;  but  which  is  immense,  as  rqpurds 
the  operations  of  man. 

It  must,  however,  be  eenfossed  that,  although  thia 
hypothesis  is  plausible,  it  ia  not  free  from  objection : 
and  I  rather  incKne  to  the  doctrine  of  Prpfessor 
Jameson,  that  gran^  consists  of  insulated  masses 
imbedde^l  m  the  schistose  roehs.  The  sj^ncal 
aftruetore  of  giaoiitev  9a  dieveloped  m  ito  mdfndual 
Mocks  by  the  aeties  of  tike  elements^  vgfftfom  to  be 
common  to  the  whole  Biass ;  hf  whoever  a»  extent 
live  surface  of  its  layers  ia  exposed,  as  io  quarries, 
il  uniformly  exhibits  a  considerable  curvature.  Bat 
tiio  pmcH>al  support  of  tlm  opinion  is  derived  firoQ» 
the  circumstance,  that  masses  of  granite  a^e  finud 
n  the  slate  near  the  junction ;  md^  even  at  the  dia- 
liance  of  two  or  three  miles  thearefromj  as  in  tl^e 
Heviand  mines^  in  the  parish  of  Gwinear.  It  ia^ 
perhaps,  almost  superfluous  to  observe*  that  the 
ovrved  side  of  the  granite  would  continue  to  wtend 
wider  the  slate  far  beyond  the  limits  of  mining  ope- 
operations ;  so  that  the  occurrence  of  granite  in  the 
VMies,  near  the  junction,  cm  i^na  no  obje^tfop  to 
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this  hypothesis.  I  have  not  yet  been  able  to  put 
the  conjecture  to  the  test  of  measuremeiits  ;  but  it 
appears  to  me  very  probable,  that  several  of  thd 
mines  i/vhich  are  entirely  in  slate,  bught  to  have 
reached  the  granite,  even  allowing  this  rock  si 
considerable  inclination.  This  subject  deserves  the 
particular  attention  of  the  Society :  and  it  may  be 
hoped  that  Mr.  Henwood*s  extensive  survey  of  the 
mines  will  throw  some  light  thereon. 

Before  describing  the  varieties  of  the  granitic 
rocks,  and  their  geological  relations,  a  few  prelimi< 
nary  remarks  will  be  offered ;  in  order,  to  shew  the 
necessity  of  extending  the  present  nomenclature  of 
|>rimary  rocks;  and,  to  explain  the  grounds  of  Aonie 
innovations  which  I  have  ventured  to  prtfpofse  fiotr 
the  consideration  of  geologists. 

All  who  have  explored  aad  irtudied  primary  dis^ 
tricts,  must  have  experienced  the  difiSculty  of  record- 
ing their  observations,  on  account  of  the  paucity  of 
liam6s.  In  conunon  with  others  I  have  also  felt  this } 
ttid  in  the  preceding  pages,  I  had  only  the  choice 
of  being  deemed  superfluously  tedious,  or  of  resting 
satisfied  itt  describing  Cornwall,  as  composed  of 
granite,  grtfjrwacke,  clay-slate,  and  serpentine:-^ 
tente  which  h^ve  become  so  indefinite  from  their 
extended  sigAification,  that  they  cannot  convey  an 
McntaAe  idea  of  the  individual  rocks. 

l^e  Freinch  geologists  have  endeavoured  to  obviate 
this  defect/  by  multiplying  distinctions,  founded  on 
tadineralogical  characters :  but  in  this  country  there 
appeaDTs  to  be  a  great  disinclination  to  adopt  a  plan 
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which  has  been  rather  uncourteously  derided  as 
gallic  neology.  Can  there,  however,  be  any  doubt 
that  a  better  discrimination  of  the  primai-y  rocks 
would  lead  to  more  accurate  observations,  and  tend 
rather  to  promote,  than  retard,  the  progress  of  the 
science  7  It  may  also  be  asked,  has  any  disadvan* 
tage  arisen  from  the  introduction  of  the  term  shorl- 
rock  ?  and  yet  its  geological  relations  are  precisely 
the  same  as  the  granite  with  which  it  is  associated. 
It  is  singular  that  Dr.  Mac  Culloch,  who  has  written 
so  much  against  the  arrangement  of  rocks  on  mine- 
ralogical  distinctions,  has,  in  his  classification,  given 
a  copious  catalogue  founded  on  this  principle :  and, 
that  he  has,  notwithstanding  his  great  dislike  to 
neology,  enriched  our  nomenclature  more  than  any 
other  British  geologist,  with  names  derived  from  the 
mineral  composition  of  the  respective  rocks. 

From  this  it  follows  that  what  is  not  good  in 
theory,  may  be  expedient  in  practice :  and  I  purpose, 
therefore,  to  suggest  names  for  such  undescribed 
rocks,  as  exhibit  distinct  characters. 

One  of  the  objections  that  has  been  made  to  an 
eirfarged  nomenclature  is,  that  the  primary  rocks 
exhibit  such  endless  varieties  during  their  gradual 
transitions  into  each  other,  that  to  provide  names 
for  all,  would  produce  an  endless  multiplication.  To 
this  it  may  be  answered,  that  the  mineral  kingdom 
is,  in  this  respect,  precisely  similar  to  the  other 
departments  of  Nature ;  which,  respectively,  have 
long  and  advantageously  possessed  a  copious  nomen- 
clature.   The  mineral  kingdom,  however,  or  rather 
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that  portion  of  it  (the  primary  rocks)  which  has 
experienced  no  secondary  changes,  offers  the  greatest 
facilities  for  classification.  For  it  is  only  by  the 
accumulated  labours  of  successive  generations  that 
animals  and  vegetables  have  been  ascertained  to 
form  continuous  chains,  each  link,  or  genusi  of 
which  is  made  up  of  numerous  coalescing  species ; 
and  it  is  only  in  the  cabinets  of  the  learned  that  they 
are  to  be  seen  thus  arranged :  whilst  the  different 
members  of  the  primary  rocks  occur  side  by  side, 
according  to  their  afiSnities,  already  classified  ixi  the 
Museum  of  Nature. 

Impressed,  therefore,  with  a  conviction  that  there 
is  no  insuperable  obstacle  to  our  obtaining  a  good 
classification  of  rocks,  I  will  proceed  to  sketch  a  plan. 


AN  ATTEMPT 
To  describe  amd  cloisify  the  Chmish  BbekM. 


The  Rocks  of  Cornwall,  like  those  of  the  whole  Earth, 
admit  of  a  two-fold  diyision :  viz.  into  the  Primary  or  Granitife- 
rous,  and  the  Secondary  or  Derivative,  Classes.  Cornwall  is, 
however,  composed  almost  entirely  of  the  former  class* 

I. — Oranitifbrous  Class. 

This  class  comprises  various  series  of  massive  and  schistose 
rocks,  which  are  not  fragmentary,  nor  fossiliferous ;  and  which 
are  always  (in  their  original  position)  inferior  to  those  •f  the  se-^ 
condary  class.  The  massive  rocks  are,  for  the  most  part,  compo- 
sed of  several  crystalline  minerals ;  and  are  surrounded  hy,  or 
imbedded  in,  the  schistose;  into  which  they  pass  by  gradual  tran- 
sitions ;  and  is  which  the  constituents  are  no  longer  visible,  being 
generally  so  intimately  united  as  to  form  a  homogeneous  mass  : 
so  that, "  the  primary  slates  are,  in  their  mineralogical  composition, 
only  varieties  of  the  crystalline  masses,  with  which  they  are 
largely  and  closely  associated." 

VOL.  IT.  3  A 
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on  which,  I  think,  that  this  may  be  accomplished : 
and  shall  feel  amply  rewarded  if  I  only  succeed  in 
directing  the  attention  of  geologists  to  this  impor* 
tant  object,  which  it  appears  to  me  will  *'  simplify 
rather  than  confuse  geological  details."*  Wishing, 
however,  at  the  same  time  to  express  that  the  ar- 
rangement, about  to  be  proposed,  is  professedly  in  a 
very  imperfect  state,  I  have  separated  it  from  t(ie 
text  in  the  form  of  an  appendix.  On  reference  to 
the  Map,  the  extent  and  situation  of  the  granitic  and 
schistose  groups  will  be  seen;  and  the  position  of 
their  respective  genera  is  illustrated  by  the  sections. 
The  same  varieties  of  granitic  rocks  do  not  occur 
in  the  central  groups  of  each  district ;  or  rather  it 
should  be  said,  that  they  have  not  been  detected : 
this  may  be  attributed  to  circumstances  unfavour- 


Each  of  these  primaiy  series  has  some  peculiarity  in  its  com- 
position, which  often  occasions  great  dissimilarity  of  rocks  in 
different  parts  of  the  world ;  and  by  which  these  series  may  be 
respectively  characterized.  Thus,  the  primary  rocks  of  Aber- 
deenshire, abound  in  hornblende ;  those  of  the  Alps  and  Corsica, 
in  talc ;  and  those  of  Cornwall,  in  shorl :  these,  therefore,  con- 
stitute distinct  and  natural  formations. 

Shorlacbous  or  Ocrynian  Formation. 

Under  this  head  the  primary  rocks  of  Cornwall  and  Devon 
(and,  perhaps,  of  some  other  countries)  may  be  arranged.  The 
Ocrynian  formation  is  not  only  distinguished  by  containing  shorl, 
but  also  by  a  great  excess  of  felspar,  which  (either  as  a  simple 
mineral,  or  in  that  compound  form,  called  compact-felspar)  forms 
the  principal  constituent  in  nearly  all  its  rocks : — mica  is  very 
sparingly  diffused ;  and  thence  the  absence  of  gneiss  and  mica- 
slate,  which  are  so  abundant  in  many  countries. 

For  the  sake  of  facilitating  description,  this  formation  may  be 
subdivided  into  the  granitic  and  $chisto$e  groups. 
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able  to  research ;  for  it  so  happens  that  the  eastern 
district,  which  has  been  least  explored  by  mines  and 
quarries,  affords  fewer  kinds  than  either  of  the  others. 

That  kind  of  granite  which  consists  of  felspar, 
qnartz,  and  mica,  and  which  offers  the  most  perfect 
example  of  this  rock,  according  to  its  usual  definition, 
is  the  variety  most  abundant  in  Cornwall :  and  is 
common  to  the  central  masses  of  each  district. 

Those  kinds,  in  which  the  mica  is  wanting,  or  its 
place  supplied  by  another  mineral,  it  is  proposed  to 
separate  from  granite  and  to  place  in  a  distinct  genus : 
thus  rendering  it  essential  for  true  granite  to  contain 
felspar,  quartz,  and  mica. 

The  varieties  of  granite,  thus  restricted,  are  those 
usually  enumerated :  viz.  1st,  those  arising  from  the 
size  of  the  granules ;  2nd,  those  containing,  besides 
the  indispensable  constituents,  one  or  more  adventi- 
tious minerals. 

Granitic  Group. 

The  rocks  of  this  group  are,  for  the  most  part,  collected  toge- 
ther into  several  insulated  patches,  encompassed  on  all  sides  by 
the  schistose  group ;  iu  which  they  also  frequently  occur  io  the 
form  of  beds,  commonly  called  elvan-courses. 

Genus  1.  Granitb.  A  massive  crystalline  rock,  composed 
essentially  of  felspar,  quartz,  and  mica ;  sometimes  with  one  or 
more  adventitious  minerals :  all  of  these  are  confusedly  aggre- 
gated together,  but  are  respectively  visible  in  the  mass^ 

G.  etmmKm,  All  the  constitaents  in  moderate  sized  granules,  seldom  so  large 
as  a  pea.  It  is  not  Tery  prone  to  disintegration,  and  on  this  account  is  well 
adapted  for  building.  Localiiies,  Brown-Willey.  Cam  Grey.  Kit  Hill. 
Stithians.  Mabe.  Constantine.  Madron. — In  short,  it  occurs  in  all  the  districts. 

G.  large-grained.  Granules  much  larger  than  the  last,  oftentimes  in  coarse 
concretions.  Local.  Carn-Marth.  Cligga.  Carnbrea.  Camkie.  Wendroa 
Madron.  St.  Just. 

3  a2 
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Talc  and  shorl  are  the  minerals  which  in  Cornwall 
have  occasionally  usurped  the  place  of  mica;  as 
hornblende  has  in  Aberdeenshire :  these  compounds 
form  beds  of  considerable  extent,  and  are  distinctly 
characterized.  That  into  which  talc  enters,  is  pecu- 
liarly liable  to  undergo  an  extensive  disintegration, 
giving  rise  to  the  china-clay  of  the  central  district, 
and  of  Tregonning  Hill.  Rather  than  invent  a  new 
name,  I  propose  to  call  this  compound  protogine,  a 
term  which  has  been  applied  by  the  French  to  the 
talcose  granite  of  the  Alps. 

O^fime-grmed,  An  anifonn  mixtare  of  granales  much  smaller  than  in  the 
emmmmi.  Local.  Rough-Tor.  Casfle-an-Dinafl.  St  Michaers  Mount 
Wendnm.  Breage. 

G.  forphyriHe.    Lui5e  crTBtala  of  felspar  in  a  basis  of  either  of  the  fonner. 

It  is  of  frequent  occurrence.    Local.    Rough-Tor.  Brey.  Carraton.  Beam, 

near  Hensborough.  Cam  Grey.  Cligga.  Wendroa. 
6.  shorlaceoita.    All  large  masses  of  granite  contain  some  minute  paitieles  of 

shorl ;  but  bf  shorlaceous  granite  is  here  understood  that  kind  in  which  tius 

mineral  is  a  conspicuous  ingredient    It  is  most  abundant  near  the  jnaolioa 

of  the  granite  and  the  slate.    Local.    Between  Carclase  and  Cam  Grey. 

Hingston  Down.   Abounds  in  the  parishes  of  St  Dennis  and  St  Stephens : 

and  on  the  borders  of  the  Land's  End  granite. 

G.  micaceous.  Mica  in  larger  proportion  than  usual,  imparting  a  glossy  ap- 
pearance, and  a  somewhat  lamellar  stractnre.  Xocot.  Near  Penxyn. 
Constantine.    Ludgvaa. 

G.  pinUic.  Containing  crystals  of  pinite.  LocaL  Ninnis,  Trendannack,  Tol- 
Pedn-Penwith,  and  other  places  in  the  granite  of  the  Land's  End  District 

Gen.  2.     Protooinb.     A  compound  of  felspar,  quartz,  and 

talc,  with  the  occasional  intermixture  of  sonye  other  mineral, 

not  mica.     These  minerals  are  crystalline,  and  aggpregated 

together  after  the  manne^  of  granite :  from  which  rock  it  is 

distinguished  not  only  in  the  substitution  of  talc  for  mica,  but 

also  in  its  great  tendency  to  disintegration.     Analysis  would 

'  probably  shew  that  its  felspar  differs,  in   composition,  from 

th^  of  true  granite,  as  talc  does  from  mica. 

P.  porcaUdnam  (china-stone).    Composed  solely  of  felspar,  quarts,  and  tale, 

.  wUoh  is  of  a  greenish  ydlow  colour.    This  rook  affords,  by  deoompoaitiott, 

the  china-clay  of  commerce :  it  is  difficult  (0  obtain  a  perfect  spariman,  its 

febpar  being  more  or  less  earthy.    Local.    Common  in  the  paris^ies  of  St. 

Stephens,  and  St.  Austle.  Tregonning  Hill,  near  Breage. 
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The  rock  in  which  shorl  occupies  the  place  of 
mica,  may  be  considered  as  a  variety  of  ahorUroch : 
and  as  such  it  will  be  found  in  the  appendix,  where 
the  different  kinds,  and  the  localities,  of  this  interest- 
ing rock  are  enumerated. 


p.  jJkoriaeeoMff.  Similar  to  the  last,  with,  the  addition  of  variable  proportions  of 
shorl.  When  decomposed,  however,  it  is  unfit  for  the  potteries,  being  much 
stained  with  rust-coloured  spots.  It  abounds  in  veins  of  quartz  and  shorl, 
which  are  rich  in  tin-ore.    Local,    St  Stephens.  St.  Dennis.  Carclaze. 

P.  ftworic.  Differs  firom  the  pcreekmuma  in  containing  fluor-spar ;  and  it  is  more 
crystalline  and  durable.    Loeid.    Near  St.  Stephens  Beacon* 

P.  parphfriHe,  A  basis  of  the  shorlaceous  kind,  containing  crystals  of  flesh- 
cokiared  felspar.    LocaL    Near  St.  Stephens  Beacon,  and  Watch  Hill, 

P.  ftMfteose  Fine  grains  of  quarts  predominating,  the  fehpar  and  talc  sel- 
dom entirely  distinct,  but  mutually  blended,  producing  a  kind  of  yellow 
talcose  felspar.    Load,    Tregonning.  Breage.  Trewavas. 

Gen.  3.  Shorl-ROCK.  Is  composed  of  quartz  and  shorl,  with 
the  •ccasional  addition  of  a  third  mineral.  Its  species  gene- 
rally possess  the  structure  of  granite :  but  sometimes  the  con- 
stituents are  so  intimately  blended  that  they  cannot  be  distin- 
gttished,  forming  homogeneous  substances  which,  however,  are 
so  well  characterized,  that  they  cannot  easily  be  mistaken  for 
any  other  rock.  Shorl-rock  occurs  in  distinct  beds,  but  more 
commonly  in  immense  veins :  in  both  forms  it  is  found  in  gra- 
nite, and  in  protogine ;  and  also  amongst  the  schistose  rocks. 

*  Constituents  distinct  and  crystalline. 

S.  grmmlar.  Consisting  of  granules,  uniform  in  size,  which  seldom  exceed 
that  of  swan-shot.    Loeai.    Roach-Rock. 

S.  targe-grmud.  The  constituents  very  large  and  crystalline ;  sometimes  the 
qmita,  and  sometimes  the  shorl,  predominating.  Local,  Jolly  Mill,  near 
SU  Denais.  At  the  Junction  in  the  parishes  of  Madron,  Saacreed,  &  St  Just. 

S.  Jtm^gnned*  The  cfystaUine  granales  smaller  than  the  first,  aad  which  gra- 
doally  become  so  fine  as  not  to  be  discerned  by  the  naked  eye.  JLeeol.  Near 
Carclaze.  Borgotha.  Madron.  Sancreed. 

S.  grtmUic.  This  contains  crystals  of  felspar,  and  in  every  respect  resembles 
gianite,  except  in  wanting  mica.  It  generally  occurs  at  the  junction :  and 
abounds  in  veins  and  beds  of  the  other  species.  Local,  Kemick.  Borgotha. 
St.  Dennis.  Madron.  Sancreed.  St.  Just  Buryan.  Sennen. 

B^  fuaftxose.  A  basis  of  crystalline  quarts,  thtoagfaout  which  crystals  of  shorl 
are  disseminated  in  various  proportions.    Local,    St.  Mewan's  Beacon. 
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The  next  kind  of  granitic  rock  to  be  noticed^  often 
occurs  in  distinct  beds,  and  is  generally  caUed  fine- 
grained granite :  but  this  is  not  correct^  for  though 
it  may  have  the  same  elements  as  granite,  yet  these 
are  not  in  the  same  crystalline  state,  nor  are  they 
similarly  aggregated  together.  It  comes  nearest  to 
the  eurite  of  the  French;  and,  therefore,  for  the 
present  this  name  will  be  adopted. 


**  ConMtitMenti  intimately  blended, 

S.  compact.  It  exhibits  yariouB  coloura,  from  dark  brown  to  light  blae;  it  is 
hard  and  very  brittle.  It  almost  always  accompanies  the  quarts  Mes  In,  and 
near,  the  granite :  and  often  forms  large  ilvan-ccune*.  Local.  Carraton. 
Kit  Hill.  Camlcie.  Cligga.  Trevaunance.  And  in  the  parishes  of  St.  Anstle, 
St.  Stephens,  St.  Dennis,  Madron,  Sennen,  St  Just,  &c. 

S.  zoned.  Similar  to  the  last,  but  exhibits  various  colours  in  straight  stripes: 
these  are  generally  dark  and  light  blues,  and  sometimes  white,,  which  is  en- 
tirely of  quartz.    Loco/.    Boiigotha.  Jolly  Mill.  Sancreed'.  Sennen,  &c. 

S.  agate-like.  As  the  last,  but  the  stripes  variously  waved  and  contorted. 
Local.  Tregoss  Moors.  And  near  the  Junction  in  Madron  and  Sancreed, 

8.  porpk^riHc,  A  basis  of  the  blue  compact,  including  crystals  of  white  fel- 
spar.   Local,    Near  Camkie. 

Creo.  4.  Eurite.  A  massive  granular  basis,  thruughotit  which 
grains  and  crystals  of  other  minerals  are  sometimes  dissemina- 
ted. The  basis  appears  to  be  composed  of  felspar  and  quartz, 
so  united,  that  they  are  not  to  be  distinguished  by  the  eye ; 
and  it  assumes  different  characters,  according  as  one,  or  other, 
of  these  minerals  predominates : — when  felspar  abounds,  it  is 
prone  to  decay ;  and  when  quartz,  it  is  very  hard  and  durable. 
It  has  been  commonly  called  fine-grained  granite ;  but,  on  thb 
arrangement,  this  term  is  confined  to  that  rock  in  which  the 
constituents  are  all  distinct  and  crystalline.  It  trayerses  true 
granite  in  the  form  of  beds  or  courses :  and  is  also  of  frequent 
occurrence  amongst  the  schistose  rocks. 

£.  compact.  Consists  almost  solely  of  the  basis,  with  some  granules  of  quartz, 
and  a  few  scales  of  mica.  Local.  Tremagenna.  CreagBraws.  Houghton 
Downs.  Between  Stithians  and  Penryn. 

£.  porpkyritic.  The  compact  containing  crystals  of  felspar.  Local,  Polgooth. 
North-west  of  Sticker.   Houghton  Downs. 
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The  next  and  last  rock  of  the  granitic  group 
includes  felspar-porphyry :  but  as  this  rock,  in  its 
most  perfect  state,  seldom  occurs  except  in  the  mid- 


E.  p'oaMc^  Abounding  in  crystalline  gpranules  of  felspar  and  quartz,  with 
scales  of  mica ;  so  that  the  basis  is  sometimes  scarcely  visible,  in  which 
case  it  approaches  near  to  fine-grained  granite.  Local,  Sithney-green. 
Pentewan.  Pancarrow,  near  Camelford.  Kit  Hill. 

£.  Mhorlaeeow.  Grains  and  crystals  of  shorl  scattered  throughout  the  basis. 
Ziocal,     Hanover  quarry,  near  Cligga. 

E.  lumhUndic.  Like  the  last,  hornblende  being  substituted  for  shorl.  Loeai. 
Kemicky  between  Bodmin  and  Camelford .    Carraton  Hill. 

£•  pweeiaiwms.  The  compact  having  a  greenish  yellow  colour,  probably  from 
an  intimate  combination  of  talc,  like  that  in  the  porcelainous  protogine.  It 
decomposes  into  a  white  mass,  very  similar  to  prepared  china-clay.  Jjoad, 
About  one  mile  from  Bodmin,  on  the  road  to  Truro. 

Gen.  5.  Felsparitb  or  Fblspar-rock.  This  rock  differs 
only  from  £urite  in  its  basis  being  compact  and  crystalline : 
it  likewise  occurs  as  beds  traversing  both  the  granitic  and 
schistose  rocks.  Its  principal  species  is  well  known  under  the 
name  of  felspar-porphyry. 

F.  compaei.  Consists  almost  solely  of  the  basis  with  granules  of  quartz,  and  a 
few  scales  of  mica.  Local,  Resugga  Downs,  between  Grampound  and  St 
Stephens.  Swan  Pool.  Wheal  Vor.  Dolcoath.  Cardrew.  On  the  shores 
of  Mount's  Bay,  common. 

F,  silkeouB,  The  quartz  of  the  compound  basis  so  predominating,  that  the 
felspar  is  almost  entirely  wanting;  as  shewn  by  its  durability.  Ziocal, 
Cook's  Kitchen.  Swan  Pool.  Wheal  Vor.  Shores  of  Mount's  Bay,  and  else- 
where ;  generally  situated  between  the  c&mpact  and  the  slate  rocks. 

F.  shirUtcecua,  The  annpact  abounding  in  grains,  and  minute  crystals  of  shorl, 
which  are  often  arranged  in  radiated  crystals.  Local,  Mean.  Near  the 
Logan  Rock.  Rosemodris.  Bosava,  in  t^aul.  Tregonnebris  Hill. 

F.porpktfrUU,  Distinct  crystals  imbedded  in  the  compact  base.  Local,  Pol- 
dice,  near  St.  Day.  Dolcoath  and  Cook's  Kitchen.  Between  Stithians  and 
Penryn.  Trumpet  Mine,  Wendron.  Rosemorran.  Long  Rock  and  Chimney 
Rock,  ia  Mount's  Bay :  also  near  Pengersick. 

F.  groMitie,  The  accessory  minerals  predominating  over  the  base,  so  as  to 
resemble  granite.  Local,  Davidstow-Moor.  Dolcoath  and  Cook's  Kitchen, 
Wheal  Vor.  Between  Marazion  Mines  and  Ludgvan. 

F.  chlorUic,  Its  basis  is  generally  very  quartzose,  containing  variable  propor- 
tions of  dark  crystalline  chlorite.  It  is  very  commonly  accompanied  by 
irregular  patches  and  veins  of  tin-ore :  and  frequently  passes  into  compact 
shorl-rock.  Local,  Near  the  junction  of  granite  with  the  slate,  (in  both 
rocks)  in  the  parishes  of  Owennap,  Wendron,  Breage,  Madron  and  St  Just. 
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die  of  the  bed,  it  ought  not  to  give  its  name  to  the 
whole  mass,  though  it  is  certainly  the  most  con* 
spicuous  member  of  the  genus.  All  the  varieties  of 
this  rock  have,  in  common,  a  basis  of  compact-fel- 
spar, ( that  is,  a  compound  of  felspar  and  quartz,) 
which  assumes  various  characters,  passing  gradually 
from  crystalline  felspar  into  horustone,  and  even  into 
quartz,  according  as  one  or  other  of  its  constituents 
predominates.  This  genus  may,  therefore,  be  called 
JeUpar^ock  or  felsparite. 


Such  are  the  granitic  rocks  of  Cornwall :  and  those 
that  are  peculiar  to  other  formations  will  readily 
suggest  themselves  to  the  geologist ;  and  they  may 
be  easily  classed  according  to  the  annexed  arrange- 
ment, if  this  should  be  approved  of. 

In  the  foregoing  outline,  I  have  adopted  names 
now  in  use,  and  have  endeavoured  to  keep  as  close 
as  possible  to  their  usual  application :  so  far  the  task 
has  been  comparatively  easy ;  but  in  extending  this 
plan  to  the  slate  group,  much  greater  innovations 
will  be  necessary. 

The  geological  relations  of  these  granitic  rocks 
towards  each  other  are  various :  sometimes  one  kind 
occurs  imbedded  in  another  in  the  form  of  irr^nlar 
patches,  or  in  distinct  spheroidal  concretions,  com* 
posed  of  concentric  layers ;  and  sometimes  several 
varieties  may  be  found  contiguous  to  the  large 
quartz-veins  which  traverse  each  of  the  granitic 
genera : — ^but  all  of  these  are  of  very  limited  and 
partial  occurrence. 
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This  variation  in  the  oomposition  of  granite;  im<^ 
mediately  in  contact  with>  quartz-^veins^  is  of  such 
frequent  oocurrence  in  every  part  of  Comwall>  that  it 
merits  particular  attention :  and  it  is  very  interesting 
In  a  theoretical  point  of  view.  Mr.  Carne^*  in  his 
aecount  of  the  granite  of  the  western  districts,  has 
made  some  good  remarks  on  this  subject ;  the  whole 
deserves  a  careful  perusal,  but  I  shall  only  quote  the 
following  passage*  "The  granite  close  to  the  (quartz) 
vein  generally  contains  more  felspar  and  less  quartz 
than  the  granite  mass  near  it.  It  is  possible,  there« 
fore,  that  at  the  period  of  the  formation  of  the 
granite,  the  matter  of  the  quartz,  instead  of  comr 
bining  generally  with  the  other  substancesj  Mrangr 
ed  itself,  perhaps  by  elective  afifinity,  in  separate, 
although  contemporaneous  veins;  and  in  consequence 
the  granite  close  to  it.  contains  a  smaUer  quantity 4** 

These  granitic  rocks,  however,  are  commonly  ai^- 
ranged  in  distinct  beds,  which  are  highly  inclined, 
and  maintain  a  parallel  course  for  a  considerable 
distance :  and  which,,  collectively,  constitute  a  masa^ 
having  a  structure  as  regular  (that  isi  disposed  in 
as  perfect  layers)  as  the  schistose  rocks.  That  the 
granitic  beds  are  sometimes  comparatively  short  and 
irregular^,  does  not  destroy  the  analogy ;  for  the 
massive  rocks  imbedded  in,  and  alternating  with>  the 
slate,  are  often  v^ry  capricious  in  their  form,  and  of 
very  United  extent.  It  may  be  also  observed,  that 
all  theae  gieiief  a,  perhapi^  with  the  exception  of  true 

*    Vol.  III.  p.  214.-^On  the  Granite  of  the  Western  Part  of  ComwalL 
VOL.  IV.  3  B 
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granite,  occur  likewise  amongst  the  slate  rocks,  and 
form  some  of  their  most  regular  beds :  indeed,  such 
beds  are  sometimes  known  to  traverse  both  the 
granite  and  the  slate. 

Shorl-rock  has,  therefore,  the  same  geological  re- 
lations as  the  other  kinds  of  granitic  rocks ;  and 
since  Cornwall  offers,  perhaps,  the  best  field  for 
studying  its  nature,  some  farther  details  on  this  sub- 
ject may  not  be  deemed  altogether  superfluous. 

Shorl,  as  a  constituent  mineral,  is  present  in  the 
granitic  patches  of  each  district;  but  is  more 
particularly  abundant  in  the  central  and  western 
districts :  and  in  these,  it  appears  gradually  to  in- 
crease in  quantity,  as  the  junction  with  the  slate  is 
approached.  It  has  been  already  stated,  that  shorl 
sometimes  becomes  a  conspicuous  ingredient  in 
granite  and  protogine,  giving  rise  to  the  shorlaceous 
varieties ;  but,  in  these  rocks,  this  mineral  is  more 
commonly  in  the  form  of  small  strings  or  veins,  and 
of  crystalline  particles  disseminated  throughout  the 
quartz-veins.  The  last  mentioned  rocks  are  often 
succeeded  by  beds  of  granitic  shorl-rock ;  in  which 
the  quartz-veins  are  much  larger  than  in  the  preced- 
ing, and  are  abundantly  combined  with  shorl,  giving 
rise  to  many  varieties  of  compact  shorl-rock.  By 
the  disappearance  of  its  felspar,  the  granitic  shorl- 
rock  passes  into  the  granular  varieties  of  this  genus, 
which  are  generally  very  conspicuous :  for  whilst  the 
former  (in  consequence  of  the  disintegration  of  its  fel- 
spar) has  crumbled  down,  and  has  been  washed  away 
by  the  rains ;  the  latter,  composed  of  more  durable 
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materials,  has  withstood  the  action  of  the  elements, 
and  in  the  form  of  tors  or  earns,  crowns  the  more 
elevated  parts  of  the  barren  moors.  These  tors 
appear,  therefore,  to  mark  the  extent  of  the  depre- 
dations of  the^elements  since  the  last  deluge ;  for, 
although  they  may  withstand  the  action  of  atmos- 
pheric agents,  yet  being  divided  into  blocks  by 
open  seams  and  fissures,  they  would  be  overturned 
and  hurled  from  their  elevated  position,  whenever 
assailed  by  the  torrents  of  a  debacle. 

All  the  granitic  rocks,  that  contain  felspar,  are 
liable  to  decay :  but  of  these,  the  common  granite 
yields  to  none  in  durability;  and  thence  it  may 
arise,  that  the  highest  hills  are  composed  almost  en- 
tirely of  this  kind.  Granite  sometimes  decomposes 
to  a  considerable  extent,  without  losing  its  tenacity ; 
as  is  seen  in  the  excavations  for  gravel  in  the  west- 
ern district  \  some  of  which,  near  St.  Just,  have  been 
appropriated  as  dwellings ;  the  sides  and  roofs  of 
which  have  the  appearance  of  a  coarse  freestone. 

That  kind  of  granitic  rock,  for  which  the  name  of 
protogine  has  been  proposed,  is,  of  all  others,  the 
most  extensively  disintegrated;  in  which  state  it 
is  provincially  called  china-clay :  it  abounds  in  St. 
Stephens,  and  the  adjoining  parishes,  and  in  Tregon- 
ning  Hill,  near  Breage ;  and  a£fords  an  interesting 
subject  for  geological  enquiry.  The  formation  of 
this  substance  is  generally  attributed  to  decomposi- 
tion: it  must,  however,  be  acknowledged  that,  if 
such  be  its  origin,  the  elements  have,  in  this  instance, 
greatly  transcended  their  usual  operations. 

3b2 
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Mr.  Hawkins  in  a  paper  read  at  the  last  annual 
meeting  of  the  Society^  combats  this « opinion ;  -and 
maintains,  if  I  mistake  not,  that  the  present  condition 
of  these  beds  of  clay  is  original,  the  lapidifying  ponrer 
having  been  arrested,  or  not  as  yet  having  extondiid 
safer  upwards:*  coming  from  such  respectable  autho- 
rity, this  conjecture  must  be  received  with  defereacq ; 
but,  1  think,  that,  in  this  instance,  our*  much  esteemed 
colleague  has  drawn  a  wrong  conclusion. 

The  gradual  diminution  in  the  cohesion  tff  the 
particles  from  the  solid  rock  upwards,  will,  of  course 
support  the  opinion  of  either  party.  But  it  may*  be 
^  remarked,  that  the  solid  state  of  the  one,  and  the 
disintegrated  state  of  the  other,  is  not  the  only 
difference ;  there  is  a  chemical,  as  well  as  a  mechan- 
ical, distinction;  for  the  solid  felspar  contains  an 
alkali,  which  analysis  has  not  detected  in  porcelain* 
earth :  and  it  therefore  follows,  fiince  an  a&ali  is  not 
present  in  the  perfect  ehinorclay  as  a  oonstitn^it 
part  chemically  combined,  that  this  substance  can- 
not, on  account  of  its  great  solubility  in  water,  exist 
in  a  free  state  in  the  mass  of  ehina-elay,  which, 
in  its  native  bed,  is  always  wet ;  for  by  the  con- 
stant percolation  of  water,  it  would  be  as  effectuaHy 
removed,  as  in  the  process  itself,  by  whteh  the 
porcelain*earth  is  prepared.  It  may  also  be  observed, 
that  the  stained  parts,  which  the  workmen  reject, 
under  the  name  of  weed,  are  of  a  yellowish,  or  red 
colour ;  indicating,  that  the  iron,  contained  in  the 
shorl  or  hornblende,  has  passed  into  a  higher  state  of 
oxidation :  in  the  description  of  these  beds,  of  cky. 
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it^wa^neticed^tliatthey  were  bounded  by  £olid  gra- 
nite; and  that  they  were  traversed  by  large  masses 
and  .veins  of  quartz,  containing -shorl:  those  circum- 
etances ;  furnish,  I  think,  another  >  argument  against 
Mr.  Hawkin's-  opinion  ;  ^for  it  is  difficult  to  conceive 
why*  the  power,  whatever  it  might  have; been,  should 
have  acted  so  partially)  in  its  operations,  as  to  have 
consolidated  one  part  of  the  mass,  and  to  have  left 
the  othen  in.  a.loose  friable  atate.  : Again,  the  partially 
changed  granite,  called  ehima-stone,  will  in  time  en- 
tirely lose  its  cohesion,  as  is  seen  in  the  numerous 
maaaes yaround  the  quarries;  which,  although  they 
.retain  their  form, > immediately  crumble  into  pieces 
on  attempting  to  remove  them.  And,  lastly,  the 
analogy  of  other  rocks  affords,  perhaps,  the  best  proof 
that  china<lay  is  a  decomposed  granite. 

Admitting  this  derivative  origin  of  porcelain-earth, 

^m  interesting  question  arises ;  viz.  what  can  be  the 

peculiar  composition  of  this  kind  of  granite,  that 

(renders  it  .so  preeminently  subject  to  disintegration  ? 

.Mr.  Came*  has  observed  that  **  the  china-stone  of 
St.  Stephens  might  perluq)s  be  mentioned  as  another 
.variety,  of  granite,  but  it  owes  most  of  its  difiEerence 
from  ordinary  granite  to  decomposition.'*      This 
>  opinion  prevails  very  >  generally,  which  is  rather 
•Burprising,  &r  this  property   of  undergoing  such 
'  extensive  decays  is  alone  sufficient  to  indicate  that  it 
•Js.arock  Jiif  ^en^rtV.*  besides. it  is  peculiar  in  com- 
position, containing  talc  instead  of « mica;    which 
circumstance  may  afford  a  clue  to  the  explanation. 

*  Vol.  IIL  p.  219.— On  the  GrMtte  of  the  Wettera  Part  of  Corowall. 
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Not  that  the  talc  itself,  can  be  supposed  to  exert  any 
direct  action  on  the  felspar :  but,  in  consequence  of 
its  having  been  formed,  instead  of  mica,  in  the  origi- 
nal crystaHization  of  this  rock,  the  felspar  may  have 
experienced  some  modification  in  the  proportion  of 
its  constituent  parts,  whereby  it  acquired  the  pro- 
perty now  under  consideration. 

Description  of  the  Rocks  of  the  Schistose 

Group. 

The  whole  of  the  schistose  group  of  Cornwall 
is  one  continuous  mass :  so  that,  in  each  of  the 
four  adopted  districts,  it  entirely  wants  those  natural 
boundaries  which  characterize  the  several  groups  of 
granite.  The  schistose  group  contains  a  greater 
variety  of  rocks  than  the  granitic :  and  it  well  de- 
serves the  attention  of  the  geologist,  not  only  as 
being  the  grand  repository  of  tin,  copper,  and  other 
metals,  but  also  on  account  of  the  frequent  transi- 
tions of  its  rocks  into  each  other,  and  the  nature  of 
its  junction  with  the  granite. 

According  to  Dr.  Berger*  and  others,  these  rocks 
consist  principally  of  greywacke,  and  greywacke 
slate :  whilst  Professor  Mohs,f  on  the  other  hand, 
states  that  he  did  not  see  any  of  this  rock,  in  all 
Cornwall.  Again,  some  geologists  have  represented 
fthis  group  to  be  composed  of  argillaceous  schist  or 
day-slate :  but  such  sweeping  and  general  accounts 

^   Trans,  of  Geol.  Society  of  London,  Vol.  I. — On  CoihwrII  and  Devon. 
t    Annali  of  Philos.  Vol.  XIII.  p.  SlU 
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<iODvey  but  a  very  poor  idea  of  its  numerous  and 
dissimilar  rocks,  with  their  respective  varieties. 

The  most  accurate  description  of  Cornish  rocks, 
that  I  have  met  with,  is  that  of  the  Rev.  J.  J. 
Conybeare,*  who  has  proposed  to  divide  the  schistose 
rocks  into  inferior  and  superior:^  the  former,  "being 
cupriferous  and  stanniferous,  and  including  various 
porphyritic  and  felspathic  rocks  (elvans),  and  occa^ 
sionally  greenstone ; "  the  latter,  ''  containing  no 
elvans,  but  abounding  much  more  in  greenstone^ 
especially  in  its  obscurer  varieties,  and  in  dark 
coloured  limestones;  sparingly  metalliferous,  con- 
taining no  tin,  dnd  more  productive  of  lead  than  the 
inferior ;  and  lastly  containing  occasionally  organic 
remains.^'  At  the  same  time  this  able  geologist  has 
candidly  admitted  that  this  division  of  slates  is 
purely  arbitrary,  as  no  such  distinction  exists  in 
nature :  but  thinks  that  it  may  be  adopted  on  account 
of  its  convenience. 

To  these  sentiments  I  cordially  subscribe,  and 
approve  of  the  two-fold  subdivision ;  though  in  the 
details  we  do  not  entirely  agree.  In  rocks  that  are 
so  intimately  united  and  blended  together,  and  the 
strata  of  which  often  dip  from  opposite  points  of  the 
compass  towards  each  other,  the  terms  inferior  and 
superior  are  too  theoretical :  and  it  may,  therefore, 
be  preferable  to  call  the  former  porphyritic,  and  the 
latter  calcareous :  affixing  the  word  series  instead  of 

*    On  Cornwall  and  Devon,  Annals  of  Philos.  new  Series,  Vol.  V.  p.  185, 

t  The  same  author  also  adds  "  stratified  rock"  as  a  third  sabdivisioiiy  but 
subjoins  his  opinion  *'  that  it  might,  perhaps,  be  regarded  as  forming  the  upper 
portion  of  the  superior  slate." 
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that  of  division : — ^thus,  the  porphyritic  series^  will 
include  that  portion  of  the  schistose  group^  in  whicb^ 
felspar-rocks  and  porphyries  abound ;  the  oalcaMWus 
series^  on  the  odier  hand>  will  embraee  all  those 
rocks  in  which  cak>0par  is  a  frequent  constituent, 
and  which  also  alternate  with  limestone.  No  orga&ic 
remains  have  been  hitherto  detected  in  these  rocks  i 
for»  as  has  already  been  stated  andtiiis  subject  wiU 
be  again  reverted  to,  I  cannot  admit  that  the  diveig- 
ing  striae,  in  the  slate  of  Tiatagel,  are  attribatable  te 
the  impressions  of  shells. 

In  attempting  to  trace  these  series  on  the  maf>, 
great  difficulties  present  themselves  at  every  step ; 
for  these  rocks  pass  into  each  other  so  imperceptibly, 
that  even  if  they  were  entirely  exposed  to  view,  it 
would  be  no  easy  matter  to  lay  down  their  bounda- 
ries accurately.  I  have>  therefore,  on  the  sugg^tioa 
of  my  friend,  Dr«  Barham,  blended'  the  cdoara 
(which  represent  these  series)  at  their  point  of  ooa** 
taot,  so  as  to  imitate  their  natural  conditi<m* 

The  porphyritic  and  calcareous  series  have  one 
character  in  common ; — ^viz.  that  they  respectively 
consist  of  two  kinds  of  rocks :  the  one,  has  a  slaty 
structure,  and  forms  the  greater  portion  of  the 
whole ;  the  other,  is  compact,  and  is  generidly  im^ 
bedded  in  the  former :  both,  however,  mutually  and 
gradually  pass  into  each  other.  The  compact  is 
more  crystalline  than  the  schistose  variety ;  and  the 
minerals,  of  which  it  is  composed,  are  frequently 
exhibited  in  distinct  clusters.  Thus  Nature,  as  it 
were,  proffers  her  own  analysis  to  assist-  us  hi  ow 
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researches,  by  giving  us  an  insight  into  the  com- 
position of  those  rocks,  in  which  the  elementary 
minerals  are  so  intimately  blended  as  to  present  only 
a  homogeneous  mass. 

I  was  gratified  to  find  this  view  of  the  subject 
confirmed  by  the  previous  observations  of  the  Rev. 
J.  J.  Conybeare,*  who  had  not  only  made  a  similar 
deduction,  but  proposed  to  found  thereon  the  follow- 
ing general  law ;  viz.  '*  that  stnUified  rocks  are  in 
their  nnneralogical  composition  only  varieties  of  the 
crystalline  masses  with  which  they  are  most  largely 
and  closely  associated,**  This  important  observa- 
tion has  been  either  overlooked ;  or,  perhaps,  it  has 
not  been  duly  appreciated  by  geologists :  for  I  find  no 
mention  of  it  in  the  works  either  of  De  la  Beche,  or  of 
Dr.  Macculloch,  published  during  the  present  year. 

Now  these  massive  rocks,  with  their  subordinate 
schistose  varieties,  form  distinct  members  or  suites 
of  their  respective  series : — that  is,  each  series  is 
composed  of  several  of  these  suites,  which  it  is  pro- 
posed to  denominate  genera.  Each  genus  passes, 
on  either  hand,  into  the  adjoining  ones ;  and  in  its 
centre  contains  a  distinctly  characterized  rock,  which 
is  generally  massive,  and  oftentimes  crystalline,  and 
which  may,  therefore,  be  considered  as  its  type. 

On  these  principles,  that  which  at  first  sight  ap^ 
pears  to  be  so  intricate  and  impracticable,  may  be 
ultimately  reduced,  I  think,  to  something  like  order, 
though  in  the  first  instance  the  attempt  cannot  be 
expected  to  be  rewarded  with  complete  success. 

*    Annali  of  Philosophy,  new  Series.  Vol.  VI.  p.  S7. 
VOL.  IV.  3  c 
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It  ha6  been  already  remarked,  that  the  grftnite,  in 
contact  with  quartz-veins,  often  differs  from  the 
main  mass  of  this  rock ;  and  the  same  fiict  is  abo  of 
common  occurrence  in  the  schistose  rocks:  as  is 
well  known  in  the  roofing  slate  quarries,  where  the 
slate  under  such  circumstances  becomes  less  fissile, 
and  even  massive,  with  a  conchoidal  fracture.  In 
taking  specimens,  therefore,  it  is  necessary  to  bear 
this  fact  in  mind,  and  to  note  their  position,  as  well 
as  their  locality :  otherwise  an  imperfect  knowledge 
of  a  district  may  be  communicated.  To  the  expe- 
rienced geologist,  such  cautions  are  needless ;  but  to 
those  who  have  not  long  studied  this  science  they 
may  not  be  altogether  superfluous :  for  it  frequently 
happens  (I  speak  of  Cornwall)  that  the  portions  of 
rocks  adjoining  quartz-veins,  being  the  harder  and 
more  durable  parts,,  are  most  frequently  exposed  to 
view,  and  therefore  very  likely  to  be  resorted  to  for 
specimens : — that  this  has  been  the  case  in  more  than 
one  instance  may  be  seen  in  our  own  Museum; 
which  is  not  singular  in  this  respect 

Another  precaution  to  be  observed  in  ascertaining 
the  different  kinds  of  these  rocks,  is  to  examine 
whether  they  are  as  perfect  as  they,  at  first  sight, 
appear  to  be ;  or  whether  they  owe  their  peculiar 
characters  to  their  having  undergone  a  slight  chem- 
ical change :  some  geologists,  and  those  too,  of  no 
little  note,  have  thus  mistaken  the  nature  of  several 
Cornish  rocks.  The  depth  to  which  this  change  is 
partially  effected,  without  destooying  the  structure 
or  tenacity  of  the  rock,  is  truly  surprising ;  and. 
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in  some  cases,  it  is  no  easy  matter  to  determine, 
whether  the  rock  be  perfect  or  not ;  since  the  coun- 
try for  many  miles  around  may  only  afford  shallow 
excavations :  but  the  first  deep  quarry  will  probably 
prove,  that  many  of  the  apparent  varieties  passed 
over  in  the  neighbourhood,  are  the  same  rock  in 
different  stages  of  decomposition. 

By  carefully  recording,  therefore,  both  the  position 
and  the  condition  of  the  specimens  collected,  the 
varieties  of  the  schistose  rocks  may  be  very  con- 
siderably reduced  in  number :  but  even  after  all,  the 
remaining  rocks  are  so  numerous,  that  it  is  diflScult  to 
Mrange  them,  and  still  more  perplexing  to  find  names 
for  them  in  the  present  inadequate  nomenclature. 

The  first  or  porphyritic  series  is  that  which  lies 
nearest  to  the  granite.  Its  rocks  are  almost  infi- 
nitely diversified ;  yet  I  think,  that  they  will  be  all 
found  to  have  a  basis  of  compact-felspar,  (that  is,  a 
compound  of  felspar  and  quartz,)  which  mineral, 
like  all  those  that  do  not  assume  a  crystalline  form, 
is  not  definite  in  its  composition,  but  is  contin- 
ually varying  in  the  proportion,  and  in  the  mode 
of  aggregation,  of  its  constituents ;  and,  therefore, 
assumes  different  characters,  according  as  the  felspar 
<Hr  quartz  predominates,  exhibiting  all  the  interme- 
diate shades  between  a  crystalline  compact-felspar, 
homstone,  iron-flint,  and  even  quartz  itself. 

Sometimes  these  various  forms  of  felspathic  mine- 
rals constitute  pretty  considerable  masses  of  rock ; 
but  more  generally  other  minerals  are  distinctly 
imbedded,  or  intimately  blended  therewith;   thus 

3c2 
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affording  a  specific  character,  by  which  many  of  these 
rocks  may  be  distinguished :  these  minerals  are  chiefly 
shorl,  hornblende,  chlorite,  actynolite,  talc,  diallage^ 
asbestus,  and  steatite.  It  must,  however,  be  observed 
that  the  imbedded  minerals,  like  the  basis  itself^  do 
not  often  consist  of  definite  compounds,  as  tho$e  just 
mentioned;  but  appear  to  be  substances  interme- 
diate between  some  of  these ;  one  or  more,  perhaps, 
being  intimately  mixed  together,  or  they  may  be 
minerals  std  generis  hitherto  undescribed«* 

On  acccount,  therefore,  of  this  frequent  variation 
in  the  nature,  both  of  the  base  and  of  the  accessory 
minerals  contained  therein,  it  is  no  easy  matter  to 
ascertain  the  composition  of  many  of  these  rocks : 
and  thence  is  the  great  difficulty  of  giving  them 
appropriate  names. 

**  The  varieties  and  transitions,**  says  De  la  Beche^ 
^*  of  the  inferior  stratified  rocks  into  each  other 

*  This  mutual  traniitioQ  of  minerals  into  each  other,  lias  been  often  noticed 
by  Dr.  Maoculloch  in  his  descriptaoDs  of  Scotland :  and  on  Ibis  subject  I  most 
again  quote  the  Rev.  J.  J.  Conybeare,  and  I  have  more  pleasure  in  doing  so,  as 
my  remarks,  (written  before  I  had  seen  liis  paper  in  the  Annals  of  Philosophy,) 
serve  to  confirm  his  observations.  '*To  the  geologist,  who  sedu  the  aid  of 
mineralogy  and  chemistry,  examples  of  this  intimate  penetration  of  one  simple 
mineral  by  another,  (so,  as  in  many  cases,  to  alter  very  considerably  the  exter- 
nal and  empirical  characters  of  that  which  yet  predominates,}  must  be  familiar. 
Many  subordinate  beds  of  the  earlier  greenstone  formation,  exhibit  every  stage 
of  a  similar  phenomenon|  and  an  aocorate  examination  would  probably  shew, 
that  most  of  the  substances  named  petrosilex,  comeenne,  sausurite,  jade,  and 
even  flinty  slate,  are  in  fact  only  admixtures  of  this  nature,  in  which  felspar 
varying  from  its  more  compact  and  semi-transparent,  to  its  earthy  and  granular 
form,  is  uniformly  ^d  intimately  penetrated  by  some  variety  or  other  of  horn- 
blende, of  diall^e,  and  occasionally,  perhaps,  of  other  minerals,  which  (as 
hypersthene,)  enter  more  sparipf^y  into  the  composition  of  rocl^  masses,  SiKh 
admixtures  can  be  properly  studied  only  in  those  endless  suites  of  specimens 
which  Nature  herself  preserves,  and  presents  in  tktu.  The  subject  is  an  ialer- 
esting  one,  and  well  deserves  closer  attention  and  investigation  than  it  lias 
yet  met  vrith." 
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appear  endless;  and,  occurring  in  no  determinate 
order,  set  classification  utterly  at  defiance.**  ''AH  this 
apparent  confusion,  and  this  passage  of  one  rock 
into  another,  though  it  may  embarrass  arrangements, 
may  be  precisely  the  circumstances  which  may  lead 
to  some  knowledge  of  the  causes  that  have  produced 
the  lowest  stratified  rocks.*** 

The  first  rock  of  the  porphyritic  series,  to  be 
noticed,  occurs  next  the  granite;  by  numerous 
layers  and  veins  of  which  it  is  generally  traversed : 
it  is,  therefore,  very  interesting  in  a  theoretical  point 
of  view,  and  demands  particular  attention. 

This  rock  has  been  called  by  some  geologists  slate, 
clay-slate,  or  killas;  but  even  the  miners,  from  whom 
this  last  term  has  been  borrowed,  do  not  acknow- 
ledge it  as  a  true  killas,  for  I  have  frequently  known 
them,  when  desirous  of  expressing  the  distinction, 
call  it "  a  kind  of  bastard  or  elvany  killas.**  Others 
have  described  it  as  greenstone ;  and  some  have  of 
late,  agreeable  to  the  present  doctrine  of  the  igneous 
origin  of  granite,  considered  it  as  slate  indurated 
by  its  contact  with  granite,  whilst  this  rock  was  in 
a  state  of  fusion.  The  latter  opinion  will  be  dis- 
cussed hereafter:  but  it  may  now  be  stated  that 
although  this  slate  is  sometimes  of  little  thickness, 
yet  it  frequently  exceeds  several  hundred  yards, 
which,  in  so  bad  a  conductor,  is  a  considerable  dis- 
tance for  this  process  of  induration  to  extend. 

The  rock,  in  question,  exhibits  various  shades  of 
dark  blue  and  purple,  sometimes  of  an  uniform 

*    Geological  Manual,  p.  464. 
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colour^  but  occasionally  with  dark  spots  or  {batches  on 
a  light  blue  base ; — it  varies  from  hard  to  very  hard, 
and  breaks,  though  not  easily,  into  thick  platen  foil 
•f  joints ;  its  surface  is  often  spangled  with  a  mieaee- 
ens  looking  mineral,  the  parallel  wrangement  of 
which  imparts  to  the  mass  a  laminated  structure : 
on  decomposition,  it  becomes  much  more  schistose, 
and  of  a  dirty  yellowish  white  colour.  It  is  very 
probably  a  compound  of  compact-felspar,  and  a  dark 
scaly  mineral:*  the  former  constituting  the  basis, 
with  which  the  latter  is  intimately  blended,  impart- 
ing the  colour  \  and  throughout  which  it  is  also  dis- 
seminated in  scales  or  crystalline  patches. 

It  appears,  therefore,  to  constitute  a  rock,  9m 
generis ;  which  ought  to  be  distinguished  by  a  pecu- 
liar denomination  ;f  and  as  it  is  exceedingly  rich  in 
tin  and  copper-ores  (being  the  principal  seat  of  the 
€ornish  mines)  the  name  of  eomubianite  might  be 
adopted.  Comubianite,  as  already  stated,  occurs  in 
conjunction  with  the  granite :  the  latter,  at  the  point 
of  contact,  is  generally  harder  and  more  compact 
Aan  at  a  distance  therefrom ;  and  both  rocks  often- 
times so  firmly  cohere  together,  that  they  cannot  be 

*  Mr.  Hawkins  hu  giyen  it  as  his  opinion  that  the  common  fctttof,  or  slate 
•f  the  mining  district "  is  an  intimate  mixture  of  quartz,  with  mica,  talc,  chlorite, 
and  perhaps  in  some  instances  with  felspar."  And  Professor  Mohs  says  that 
^killas  is  an  intermediate  substance  between  mica-slate  and  clay-slate,  altema 
ling  with,  beds  of  porphyry,  whose  basis  is  an  intimate  niztoie  of  felspar, 
quartz,  and  mica."    Annals  of  Philosophy,  Vol.  xiii.  p.  8ia. 

t  ''The  common  kUku^  says  the  Rev.  J ,  J .  Conybeare,"  after  much  question 
as  to  iCs  being  a  ▼aifety  of  greywaok^,  which,  if  that  tenn  has  any  definite 
meaning,  it  unquestionably  is  not,  has  been  at  last  admitted  on  ali  hands  to  be 
a  geftuine  clay-aUiie,  But  this  appellation  perhaps  after  all  does  not  conrey  a 
much  clearer  notion  of  the  real  natore  and  constitution  of  the  rocks  included 
under  it,  than  the  repudiated  grey  wack^."  Ann.  Philos.  new  series,  r.  ti.  p.  ST. 
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easily  separated.  It  is  also  traversed  by  irregular 
beds,  masses^  and  veins,  of  granitic  rocks ;  wbich, 
however,  are  not  true  granite,  but  varieties  of  eurite 
and  felsparite,  which,  in  some  parts,  only  are  com* 
posed  of  crystalline  granules,  forming  the  granitic 
species  of  these  rocks,  as  already  described.  The 
felsparite  is  of  far  more  frequent  occurrence  than 
the  eurite ;  and  since  it  has  the  same  compact  basis 
as  the  comubianite,  it  is  not  surprising  that  these 
rocks  should  be  found  gradually  passing  into  each 
other,  at  Dolcoath,  Trewavas,  and  elsewhere. 

From  these  facts  it  may  be  concluded,  that  the 
comubianite  is  composed  of  the  same  elements  as 
granite,  i.  e.  of  felspar,  quartz,  and  mica ;  the  two 
first  forming  compact-felspar,  which  is  interlaminated 
with  mica :  and,  that  it  is  in  its  nature  intimately 
connected  with  granite,  is  confirmed  by  its  contain- 
ing rocks  which  are  associated  with,  and  form  an 
int^rant  part  of,  the  granitic  group.  Thus  we  find, 
that  although  it  may  be  convenient  to  separate  the 
granitic  and  schistose  rocks  in  an  artificial  arrange- 
ment, no  such  distinction  exists  in  Nature. 

On  this  view  of  the  subject,  the  nature  of  the 
granitic  rocks  of  Dolcoath,  and  similar  places,  is 
easily  explained: — whether  they  be  lancet-shaped 
masses  connected  with  the  main  body  of  granite, 
as  conjectured  by  Professor  Sedgwick ;  or,  regular 
alternating  beds,  as  reported  by  the  intelligent 
Captain  of  this  mine.  And  the  obscurity  in  which 
the  nature  of  granite-veins  has  been  so  long  involved, 
is  in  B,  great  measure  expelled,  on  the  supposition 
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that  these  are  not  only  contemporaneous^  but  are 
also  of  similar  mineral  composition,  with  the  lami- 
nated rock  in  which  they  occur.*  It  appears  to  me, 
that  much  of  the  perplexity  of  this  subject  has 
arisen  from  not  having  formed  a  due  estimate  of  the 
mineral  characters  of  the  rocks  in  question ;  for  they 
have  been  generally  called  granite,  and  slate  or  killas ; 
names  which  convey  an  idea  that  these  rocks  are 
very  dissimilar,  and  of  distinct  origin. 

I  must  not,  however,  omit  to  notice  the  fragment- 
like pieces  of  slate,  which  are  sometimes  contained 
in  the  granitic  veins,  as  they  have  been  considered 
an  insuperable  objection  to  the  opinion  that  the 
veins  and  the  slate  are  of  contemporaneous  origin. 
These  fragment-like  pieces  are  indeed  of  the  same 
nature  as  the  slate,  in  which  the  veins  occur ;  but  it 
has  already  been  shewn  that  these  do  not  differ 
much  in  composition :  this  phenomenon  may,  there- 
fore, be  ascribed  to  the  peculiar  arrangement  of  the 
particles  during  the  formation.  The  occurrence  of 
fragment-like  portions  of  minerals  and  of  rocks  is 
very  common,  both  in  metalliferous  veins,  and  in  the 
rocks  themselves :  several  instances  have  been  re- 
corded in  the  preceding  pages ;  and  this  subject  will 
again  come  under  consideration. 

*  The  opinion  of  Professor  Bnckland  on  this  subject  is  important.  *'  The 
^icoM  all  along  the  northern  coast  of  Cornwall,  occur  in  beds  and  reins  of 
every  possible  thickness,  from  forty  feet  to  half  an  inch,  sometimes  overlying 
but  more  frequently  traversing  the  killas  in  various  directions,  under  such  cir- 
comstanoes  as  are  apparently  irreconcilable  with  any  other  theory,  than  that 
which  supposes  them  to  be  of  contemporaneous  formation  with  the  rock  ood« 
taining  them ;  the  result  of  some  play  of  affinities  which  allowed  a  part  of  the 
mass  to  assume  a  crystalline  texture,  while  its  coarser  and  more  abundant 
portions  were  left  to  arrange  themselves  in  the  slaty  or  tortuous  form  which 
characterises  the  killas."    Trans.  Oeol.  Soc.  of  London,  Vol.  IV.  p.  4M1. 
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Mr.  Came,*  who  has  given  the  best  and  most  ex- 
tensive account  of  these  granite-veins,  has  summed 
up  the  various  opinions,  that  have  been  deduced 
therefrom ;  and  considers,  that  if  all  these  pheno- 
mena were  subject  to  one  general  conclusion,  the 
most  reasonable  one  appears  to  be,  **  that  the  main 
body  of  granite  may  have  preceded  the  slate,  al- 
though the  granite-veins  (as  veins)  may  have  fol- 
lowed it.**  "  Others,*'  he  says,  "  have  cut  the  knot 
which  they  have  found  so  difficult  to  untie,  and  de^ 
clared  the  whole  mass  to  be  contemporaneous."  But 
I  trust  that  the  facts,  now  adduced,  will  convince 
both  Mr.  Carne  and  others,  that  the  view  of  the 
subject  which  has  just  been  proposed,  if  not  the  true 
one,  is  the  best  adapted,  in  the  present  state  of  our 
knowledge,  to  explain  this  phenomenon. 

•    Vol.  II.— On  the  Veins  of  Cornwall. 

Granitifbrous  Class  (continued). 
Schistose  Group  of  the  Ocrynian  Formation. 

The  rocks  of  this  group  surround,  at  the  surface,  the  several 
patches  of  granite,  with  which  they  are  intimately  connected,  and 
into  which  they  appear  to  pass,  being  composed  of  the  same 
ingredients,  only  differently  combined  or  aggregated. 

They  are  traversed  by  numerous  seams  or  joints,  by  which 
they  are  divided  into  layers :  the  slates  are  more  or  less  undulat- 
ing and  curved,  so  that  they  appear  to  be  variously  inclined,  but 
they  always  ultimately  dip  from  the  nearest  central  group  of  gra- 
nite ;  whilst  the  granitic  beds  contained  therein  generally  incline 
in  a  reverse  direction,  towards  the  central  group,  and  at  a  much 
greater  angle  than  the  slate. 

The  schistose  group  may  be  subdivided  into  the  porphyriiic 
and  the  calcareous  series; — though  it  must  be  remembered  that 
this  is  purely  artificial :  for  both  series  gradually  pass  into  each 
other,  so  that  no  line  of  demarcation  can  be  drawn  in  Xature. 

VOL.  IV.  3  D 
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In  many  parts  of  Cornwall  the  schistose  rocks 
adjoining  the  granite,  have  a  basis  more  grannlsr 
than  that  of  cornubianite ;  are  much  softer,  and 
more  prone  to  disintegrate:  following,  therefore, 
the  plan  adopted  in  the  instance  of  eurite  and  teh 
sparite,  these  may  be  referred  to  a  distinct  genus 
which,  on  account  of  the  various  appearances  it 
assumes,  may  be  called  proteolite.. 

The  opportunities  for  studying  this  genus,  are  not 
so  favourable  as  in  the  former :  for  its  junction  with 

PoRPHYRiTic  Series. 

Includes  that  portion  of  the  schistose  group,  which  occurs  next 
the  graoite,  which  frequently  contains  porphyries  and  other  gra- 
nitic rocks  in  the  form  of  regular  beds  or  e/iHm-otwrMs,  and  which 
abounds  in  veins  of  tin  and  copper-ores. 

Gen.  6.  Cornubianite.  Consists  of  a  basis  of  compact-fel- 
spar, coloured  by  a  dark  mineral  resembling  mica,  wiUi  which 
it  is  not  only  intimately  combined,  but  also  contains  this  mine- 
ral in  distinct  granules  or  scales  variously  disposed.  This  rock 
always  occurs  in  contact  with  granite ;  by  numerous  beds  and 
veins  of  which,  it  is  frequently  intersected. 

C.  coiHfMcf.  Consists  principally  of  the  base  coloured  by  the  intiniate  miztiire 
of  the  accessory  mineral,  exhibiting  yarious  tints  of  blue  and  purple.  htoA. 
Poldice,  near  St.  Day.  Cardrew.  Cook's  Kitchen. 

C.  quartzate.  Silica  predominating  gradually  in  its  base  as  it  qiprosches  the 
the  elvmu.    Local,    Cardrew,  near  Redruth.  Dolcoath.  Wheal  Vor. 

C.  latnellar.    Differs  only  from  the  compact  in  separating  into  laminae.    II  is 

often  purple,  and  is  then  called  by  the  miner  pwrpU  kiUas,  laeaL    Cardrew. 

Dolcoath.  Wheal  Vor. 
C.  tinped.    Has  a  blue  basis  like  the  lamellar,  but  is  striped  m  consequeBoe 

of  the  colouring  mineral  being  wanting  in  the  light  coloured  parts.    JUteak 

Lanescot  Mine. 

C.  ndeaeeeui.  Differs  from  the  lamellar  in  having  micaceous  scales  amngod 
parallel  with  the  large  cleavage.  Liocal,  Cardrew,  near  Redruth.  Poldioe, 
near  St.  Day.  Dolcoath.    Cook's  Kitchen. 

C.  tckiiiose,  A  blue  slate,  often  of  a  light  tint  with  dark  spots :  it  forms  the 
passage  into  other  slate  rociu.  Local.  Cardrew.  Lanescot  it  Maraaioii  -linei. 
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the  granite  is  not  laid  bare  by  the  sea,  nor  is  it  ex- 
plored by  mines ; — it  having  been  ascertained  that 
tin  and  copper-ores  do  not  abound  therein,  which 
circumstance  affords  another  distinction  between 
cornubianite  and  proteolite. 

It  may  be  deemed  advisable  hereafter  to  separate 
this  genus  into  several :  but  being  desirous  of  avoid- 
ing innovation  as  much  as  possible,  I  have,  for  the 

Gen.  7.  Protbolitb.  This  rock  is,  in  compositioo,  very  simi- 
lar to  the  last:  but  the  ingredients  are  differently  aggregated. 
Its  felspar  basis  is  granular,  softer  than  the  last,  and  more 
prone  to  decay.  It  contains  tin  and  copper-ores ;  but  these 
have  not  hitherto  been  detected  in  such  quantities,  as  to  be 
favourable  to  mining  speculations  :  and,  therefore,  not  being  so 
much  explored,  its  nature  is  not  so  well  kuown  as  that  of  the 
coiBubianite.  It  may  be  divided  into  two  families :  mica  being 
the  accessory  mineral  in  the  one ;  and  shorl,  in  the  other. 

*  CcntaUnng  tnieaf  or  a  miaeral  nearly  allied  thereto. 

P.  wkauoMM.  Is  very  glossy ;  in  the  direction  of  its  layers  it  shivers  under  the 
hammer  into  short  iiregnlar  leaves,  and  on  the  cross  fractare  it  is  granular. 
It  undergoes  a  partial  bat  extensive  dccompositioii.  Local,  St.  Breward. 
Michaelstow.  Caidinham. 

P.  tolcose.  More  glossy  and  granolar  than  the  last :  softer  and  somewhat 
soapy  to  the  feel.    Local,    Castle  Kenyoe. 

P.  ImiuUar,  Breaks  into  thick  rhomboidal  plates,  the  surface  of  which  is 
thickly  spotted  and  bespangled  with  filmy  scales  of  mica.  Local,  Near 
St  Blacey  Bridge.  Near  Lostwithiel.  St,  Agnes'  Beacon.  Kerthen. 

P.  Hriped,  Alternating  laminae  of  blue  and  white ;  the  latter  appear  to  be  the 
basis  of  the  rock  free  from  the  colouring  mineral.  Local,  Txevannanoe  Cove. 

P.  quartxooe.  It  is  tabular,  compact  and  very  hard :  the  basis  sometimes 
almost  entirely  siliceous.    Local.    St.  Agnes*  Beacon. 

P.  ockistooe.  A  blue  fine-grained  slate,  rather  fissile :  it  becomes  of  a  light 
&wn  colour  on  decomposition.  Local,  Smith's,  Kemick,  and  Key  Bridge, 
on  the  road  between  Bodmin  and  Camelford. 

P.  MeeouM.  Similar  to  the  last,  bat  harder  and  more  siliceous :  it  is  some- 
times quite  quartzose.    Local,    Baron  Downs. 

P.  argiUaeeouo.  When  perfect  a  thick  laminated  slate,  soft,  and  of  a  pale  blue 
eolour :  bat  generally  in  a  state  of  partial  decomposition,  earthy  in  teitaie, 
yellowish  white  with  ochreous  stains.  Used  as  a  baikUng  stone.  Loeak 
Qoairies  arouad  Bodmin. 

3d2 
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present,  subdivided  it  into  two  families ; — one  con- 
taining a  mineral  resembling  mica ;  tbe  other  being 
combined  with  shorl. 

One  species  of  this  rock  particularly  merits  atten- 
tion :  it  contains  a  large  quantity  of  mica,  (and  may 
therefore  be  called  micaceous  proteoUte)  approaching 
nearer  to  mica-slate  than  any  other  Cornish  rock ; 
indeed  it  might,  perhaps,  by  some,  be  considered  as 
a  variety  of  this  substance,  as  it  consists  of  granu- 
lar-felspar, interlaminated  with  mica.  It  occurs  in 
the  immediate  vicinity  of  the  granite,  which  con- 
tains more  mica  than  is  usual;  and  follows  the 
boundaries  of  this  rock  from  Michaelstow  through 
St.  Breward,  Blisland  and  Cardinham.  At  Penrose, 
on  the  Camel,  near  St.  Breward,  the  hill  is  so  steep, 
and  this  slaty  rock  rises  so  high  on  the  granite,  that 
the  junction  might  be  exposed  at  a  trifling  expense; 
and  it  would  be  interesting  to  ascertain  whether  the 
same  phenomenon  of  granite^veins  occurs  here  in  this 
micaceous  rock,  as  elsewhere  in  the  comubianite. 


**  Ckmtammg  mHiotL 

P.  cfmpaet.  An  aniform  mixture  of  the  oonstitaeiits :  it  becomes  of  a  light 
red  on  deoomposition.    taedl,    Castle-aa-Dinas. 

P.  striped.  Like  the  last,  with  curved  and  contorted  stripes  of  a  lighter  oolovr, 
in  which,  perhaps,  the  shorl  is  wanting.    Local.    Fat  Work  Mine. 

P.  amffgdtthidal .  Minute  rounded  crystalline  concretions  disseminated  through- 
out the  granular  felspar  basis.    Local,    St.  Stephens.    Ciigga.    Roach. 

F,  fragmentary,  A  dark  coloured  and  compact  basis  containing  numerous 
angular  pieces  of  the  other  species  of  this  rock,  which  resemble  fragmenls. 
It  contains  irregular  veins  of  tin-ore :  and  on  this  account  is  called  a  lode 
by  the  minen.    Local,     Fat  Work  Mine,  near  Indian  Queens. 

P.  foliated.  Of  an  onifom  blue  colour  with  the  slaty  structure.  It  acquires 
a  bright  salmon  colour  when  paitially  disintegrated.  Local,  Between 
Indian  Queens  and  St  Columb  Miv<>>'*  Cliffs  between  Trevaunanoe  & 
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The  micaceous  proteolite  contains^  at  Penrose,  a 
large  bed  of  purple  compact  cornubianite ;  and  near 
Cardinham  a  course  of  porphyritic  eurite. 

The  next  division  of  proteolite  also  occurs  adjoin- 
ing the  granite ;  and  is  characterized  by  shorl,  which 
enters  into  combination  with  the  granular-felspar, 
instead  of  mica:  the  short,  however,  cannot  be 
always  detected  in  the  rock. 

The  amygddloidal  proteolite  is  composed  almost 
entirely  of  a  light  blue  granular  base,  spotted  with 
a  dark  mineral,  like  shorl,  in  the  form  of  minute 
crystalline  concretions :  it  is  schistose ;  and  is  gene- 
rally disintegrated  to  such  a  depth,  that  it  is  difficult 
to  obtain  a  perfect  specimen. 

Near  Kitt  Hill,  this  rock  contains  a  bed  of  gra- 
nitic eurite ;  at  Cligga,  numerous  courses,  both  of 
granitic  and  porphyritic  eurite;  and  at  Roach,  a 
large  mass  of  shorl-rock.  The  nature  of  the  con- 
nection of  the  proteolite  with  these  granitic  rocks 
may  be  seen  in  many  instances ;  and,  except  in  the 
case  of  shorl-rock,  their  composition  is  so  similar 
that  the  transitions  are  readily  effected.  The  junc- 
tion of  the  shorl-rock  of  Roach  with  the  slate  is  not 
exposed:  but,  in  the  excavations  on  the  adjacent 
moors,  the  basis  of  the  proteolite  may  be  seen  gradu- 
ally becoming  more  quartzose,  and  the  accessory 
shorl  more  abundant,  until  a  granular  shorl-rock  is 
produced  in  the  form  of  nodules  and  veins.  An  in- 
stance of  this  transition  has  been  recorded  by  the 
Rev.  J.  J.  Conybeare,*  who  found  in  a  quarry,  near 

*    TruiB.  Geol.  Soc.  of  London.  Vol.  IV.  p.  401. 
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St.  Agnes^  an  elvan  passing  (by  the  addition  of  tour- 
maline, and  the  decrease  or  loss  of  all  its  ingredients 
except  quartz)  into  a  rock  resembling  that  of  Roach. 

In  several  species  of  this  rock  the  colouring  or 
accessory  mineral  is  sometimes  uniformly  diffused 
throughout  the  mass,  but  more  commonly  it  is  par- 
tially arranged  so  as  to  produce  a  clouded,  striped, 
or  marbled  appearance.  These  varieties  form  exten- 
sive beds  in  the  parish  of  St.  Dennis,  in  the  central 
district ;  and  also  in  Madron  and  Sancreed,  in  this 
neighbourhood,  near  the  boundaries  of  the  granite. 
They  become  of  a  light  red  on  decomposition,  where- 
as the  hornblende-rocks  (with  some  of  which  these 
might  be  confounded)  produce  a  reddish  brown  soil. 

An  extensive  suite  of  rocks,  in  which  hornblende 
constitutes  the  accessory  mineral,  generally  succeeds 
the  cornubianite  and  proteolite ;  it  does  not,  how- 
ever, exist  in  actual  contact  with  the  central  groups 
of  granite,  though  it  often  occurs  in  its  vicinity. 

The  felspar  basis  of  these  rocks  may  be  either 
compact  and  semi-crystalline,  or  granular ;  and  both 
kinds  may  sometimes  be  seen  passing  into  each 
other,  as  in  the  case  of  the  two  former  genera ;  but 
more  commonly  they  are  entirely  distinct,  and  re- 
mote from  each  other,  and  pass  into  very  different 
genera :  the  one  being  rich  in  tin  and  copper-ores ; 
the  other  in  lead,  antimony,  and  roofing  slates. 

Although  the  hornblende-rocks  present  a  greater 
choice  of  names  than  usual,  yet  it  is  not  easy  to 
select  one  perfectly  applicable  to  those  of  Cornwall : 
but  wishing  to  avoid  any  unnecessary  multiplication 
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of  names,  it  is  proposed,  for  the  present,  to  adopt 
that  of  greenstone  or  diabase. 

The  compact  and  schistose  greenstones  repeatedly 
pass  into  each  other ;  so  that,  in  traversing  them 
from  the  granite,  they  appear  to  alternate ;  but  this 
does  not  hold  good  to  any  great  extent  in  the  length 
of  their  beds ;  as  may  be  seen  on  the  shores  of 
Mount's  Bay,  where  the  massive  rocks  are  insulated 
in  the  body  of  the  slate. 

On  approaching  the  granite,  the  greenstone  is 
generally  found  to  be  harder,  and  more  siliceous, 
containing  quartz-veins,  which  sometimes  project  on 
the  side  of  the  hills  in  blocks  three  or  four  feet  in 
breadth :  the  hornblende  at  the  same  time  becomes 
very  much  changed  in  appearance,  and  cannot  at 
length  be  recognised  as  such ;  and  still  advancing, 
shorl  succeeds :  thus  the  transition  is  effected  into 
proteolite,  the  genus  last  described;  and  the  dis- 


Gen.  8.  6rbbnston£  or  Diabase.  A  basis  of  compact  or 
granular  felspar,  variously  combined  with  hornblende  in  dif- 
ferent proportions ;  sometimes  the  one  and  sometimes  the  other 
predominating  in  the  mass.  This  rock,  when  decomposed, 
produces  a  reddish  brown  soil. 

6.  nemtie.  Crystalline  hornblende  distinctly  arranged  in  a  basis  of  oompact- 
felspar.     JLocoJ.    BaTidstow.  Hill  descending  to  Pollaphant. 

G.  homblendie.  The  hornblende  not  only  intimately  blended  with  the  base,  but 
also  present  in  shining  larolnas.  Local.  St.  Cleer.  Tolcame,  near  Penzance. 

6.  e&mpaci.  An  uniform  mixture  of  the  constituents.  This  rock  is  massive  and 
often  passes  into  compact-felspar.    Local.    Trewint.  And  around  Penzance. 

G.  lomctior.  Blue,  fine-grained,  and  uniform  in  texture.  Breaks  into  thick 
rhomboidal  laminae.    Local,    Rosecradock.    St.  Cleer.    Botallack. 

G.  achitio$€.    A  fine-grained  blue  fissile  slate.  Local,  Adjoining  all  the  last. 

G.' argiUaitoui,  A  coarse  lamellar  slate  of  a  pale  blue  when  perfect;  but  it  is 
generally  of  a  dirty  yellow  with  spots,  in  consequence  of  a  partial  change. 
Used  as  a 'building  stone.    Local,    Liskeard. 
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similarity  in  the  chemical  composition  of  short  and 
hornblende  is  not  so  great,  as  to  render  such  an 
occurrence  improbable. 

The  compact  varieties  of  this  genus  are  the  most 
durable ;  and  protrude  from  beneath  the  soil  in  the 
form  of  tors,  or  are  scattered  on  the  surface  after  the 
manner  of  granite.  The  presence  of  greenstone, 
even  when  concealed  from  view,  is  oftentimes  de- 
clared by  the  reddish  brown  colour  of  the  soil,  the 
tint  varying  in  depth  according  to  the  proportion  of 
the  hornblende  in  the  rock. 

^  The  next  genus  of  the  porphyritic  series,  to  be 
noticed,  has  also  a  basis  of  compact-felspar :  but  the 
nature  of  the  accessory  mineral  is  rather  obscure : 
it  has  been  called  hornblende,  but  it  is  probably 
actynolite,  as  this  substance  prevails  in  a  distinct 
form,  both  as  veins,  and  as  crystalline  concretions 
disseminated  throughout  the  base ;  or,  it  may,  per- 
haps, be  a  peculiar  modification,  such  as  often  occurs 
during  the  passage  of  one  mineral  into  another. 

The  most  abundant  kind  of  this  genus  is  a  hard 
compact  rock,  known  provincially  by  the  names  of 
hlue  stone  or  blue  elvan.  It  is  surrounded  by,  and 
passes  into,  a  blue  slate,  which  retains  most  of  the 
characters  of  the  compact,  only  it  may  be  divided 
into  thick  rhomboidal  laminse :  these  rocks  are  of 
common  occurrence  on  the  shores  of  Mount's  Bay. 
It  is  worthy  of  remark,  that  whilst  the  massive  rock 
occurs  in  elevated  ridges,  and  is  unchanged,  the 
slaty  variety  is  decayed  to  a  considerable  depth,  still 
retaining  indeed,  its  form,  but  gradually  diminishing 
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in  tenacity  from  the  perfect  rock  ta  the  surface^ 
where  it  is  often  in  the  state  of  clay :    the  hlue 
colour,  in  the  same  manner,  disappears,  so  that  the 
decomposed  rock  is  ash-white  with  ochreous  stains, 
or  of  an   uniform  pale  fawn  colour,  which  distin- 
guishes it  from  the  schistose  greenstone.    The  ex- 
emption of  the  compact  rocks  from  this  change  may 
be  ascribed  to  their  constituent  minerals  being  more 
distinct  and  more  crystalline,  possessing  a  greater 
cohesion  of  particles,  and  consequently  endowed  with 
a  greater  power  of  resisting  the  chemical  action  of 
the  elements.    Some  of  the  rocks  of  this  genus  are 
very  beautiful,  having  a  violet  coloured  basis :  which 
appears  to  be  occasioned  by  the  compact-felspar 
passing  into  massive  axinite ;  for  the  latter  mineral, 
in  crystals,  frequently  occurs  in  small  irregular  veins 
which  traverse  this  rock,  after  the  manner  of  cal- 
careous spar  in  limestone.     This  axinitic  species  is 
sometimes  spotted  with  miuute  crystalline  concre- 
tions of  actynolite :  or  the  latter  mineral  is  partially 
combined  with  the  base,  producing  a  blue  compound, 
which  forms  striped  and  marbled  markings,  on  a 
light  coloured  ground.     At  first  sight,  these  rocks 
appear  to  be  well  calculated  for  ornamental  purposes ; 
but  unfortunately  they  are  tra;^ersed  by  numerous 
seams  or  joints,  which  become  discoloured  on  ex- 
posure to  the  air,  in  consequence  of  the  presence  of 
iron-pyrites.    This  mineral,  in  small  amygdaloidal 
granules,  is,  in  one  species,  disseminated  throughout 
the  base :  it  has  been  called  by  several  foreign  geo- 
logists mandelstein  felspar. 

VOL.  IV.  3  B 
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Since  this  genus  of  rocks  abounds  in  acty nolite,  it 
may  be  called  actf/nolite-rock,  \vhich  is  not  altoge- 
ther an  innovation,  as  Dr.  Maccullocb,  following 
Saussure,  has  introduced  the  term  actynolite-schist 
fnto  the  list  of  rocks.  It  may  be  objected  that,  in 
many  of  the  varieties,  acty nolite  cannot  be  identified ; 
but  the  same  objection  equally  applies  to  the  fine- 
grained greenstones,  and  many  other  rocks,  into 
the  composition  of  which  hornblende  is  generally 
acknowledged  to  enter,  although  it  is  not  visible  in 
a  distinct  form. 


Gen.  9.  Acttnoute-rock.  Differs  principally  from  the  last,  id 
containiDg  actynolite  in  the  place  of  hornblende.  Its  compact- 
felspar  base  also  exhibits  some  peculiarities,  having  sometimes 
a  violet  colour,  and  containing  veins  and  crystals  of  the  same 
coloured  axinite  :  it,  therefore,  appears  to  be  a  mixture  of  these 
minerals ;  or,  perhaps,  a  compact  variety  of  the  latter.  These 
rocks  are  very  beautiful,  and  abound  in  Mount's  Bay. 

A.  eompaet  (blue  elvan),  A  very  bard  and  tough  rock,  of  an  unifoim  blae 
colour;  it  has  a  very  fine  granalar  texture,  sometimes  approaching  to  crys- 
talline. Abounds  in  minute  ^eins  of  crystallized  actynolite.  Load,  Cud- 
dan  Point,  the  Oreeb  Rock,  Long  Rock,  Lariggan, — all  in  Mount's  Bay. 
Ouniard's  Head. 

A.  axtfiiftc.  Of  a  lighter  colour  than  the  last  and  commonly  mottled ;  whes 
^et  it  has  a  bright  violet  tint.  Abounds  in  veins  of  axinite.  Local,  Cuddan 
Point.  Lariggan.  Botallack. 

A.  amygdaloidal.  Small  crystalline  concretions  of  actynolite  and  of  ixon-pyrites 
disseminated  throughout  the  base,  which  consists  almost  solely  of  compact- 
felspar,  of  a  yellowish  white  or  flesh-coloured.    Local,    As  the  foregoing. 

A.  striped.  The  compact  and  the  pure  base  arranged  in  irregular  alternating 
stripes.    Locti.    As  the  foregoing. 

A.  variegated,  Ck>n8i8ts  of  all  the  preceding  species  so  landed  and  intermixed 
in  the  same  mass,  as  to  produce  a  most  complicated  but  beautiful  appearance, 
oftentimes  rasembllsg  the  mottled  skin  of  a  serpent.    Local,   Lariggan* 

A.  lamellar,  A  very  pale  blue  slate,  breaking  into  flat  rhomboidal  layers.  It 
Is  generally  disintegrated  to  a  considerable  depth.    Local,    Penzance. 

A.  9chitto$e.  A  very  fine*grained  and  flssile  slate :  even  at  the  sorfiuse  tkis 
rock  cleaves  into  thin  leaves,  and  if  quarried  it  would,  perhaps,  improve  and 
be  adapted  for  economical  paiposef .    Loenl,    Battery  Hock,  Pensanos* 
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^cb  of  !tbe  preceding  genera^  but  more  particu- 
larly gre^ns^ope^  gradually  passes  into  roqks  which 
are  for  the  ipo$t  part  soft  and  thick  lamellar  slates  of 
varioi:i9  ahades  of  blue  and,  sometimes,  of  green. 
They  contain  beds  which  are  compact  and  earthy, 
differing  only  from  the  slate  in  which  they  are  im- 
bedded, in  wanting  the  schistose  structure :  and  they 
abound  in  metalliferous  veins,  the  matrix  of  which 
is  composed  of  quartz  and  dark  green  crystalline 
chlorite ;  the  quartz  is  sometimes  much  intermixed 
with  felspar,  which  decomposing  ipto  a  white  clay, 
renders  the  whole  of  the  Uide  friable,  and  is  called  by 
the  miner  a  priany  lode ;  Pembroke  mine,  near  St. 
Austle,  affords  a  good  example  of  this  kind  of  veiq. 

The  rocks  of  this  genus  appear  to  be  composed  of 
granular  felspar  and  chlorite,  or  some  such  imalogous 
niinpral :  and  they  may,  therefore,  for  the  present, 
1^  called  chlorite-rock  or  chlorolite. 


Gen.  10.    Chloroutb,  or  Chlq]eiit9-ROC|i:.    Is  a  compouiid 

of  granular  compact-felspar  and  a  mioeral  resembliog  chlorite. 

Its  species  are  generally  thick  lamellar,  sometimes  schistose, 

but  rery  rarely   massive.     Chlorite  abounds  in  quartz-veins 

containing  compact  and  crystfillinie  c)ilorite,  and  which  are 

pft^n  very  rich  in  Qietallic  minerals,  particularly  in  copper-ores. 

C.  compact,  A  very  coarsely  lamellar  rock,  rather  soft,  fine-grained  and  but 
▼ery  slightly  coloured  by  the  accessory  minerel.  It  approaches  very  near  to 
epff^pact  earite,  into  which  it  will  be  probably  found  tQ  pass.  Local.  In 
the  mining  district  of  St.  Austle, 

C  lameUor.  A  thick,  blue,  glossy  slate ;  of  a  very  uniform  9nd  smooth  tex- 
pxff  on  the  surface  of  its  laminae,  but  rather  granular  ^d  earthy  on  the 
cross  fracture,    liocal.    Hewas.  Polgooth,  Crinnis.  Pembroke. 

C.  oehitioie.  Differs  from  the  last  in  being  more  fissile :  it  appeals  to  cpntaia 
a  \arfS^r  quantity  of  the  accessory  mineral,  iM>d  becomes  very  much  dis- 
coloured on  decomposing.  Local.  In  the  clifis  of  St.  Austto  Bay  it  is  com- 
mon :  aiiid  at  Puporth  it  passes  into  t^lc-schist. 

3  £  2 
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It  has  already  been  stated  that  the  granitic  rocks, 
eurite,  felsparite,  and  shorl-rock,  occur  in  the  schists 
in  the  vicinity  of  the  junction  :  the  two  former  are 
not  confined  to  this  locality,  but  have  been  detected 
in  each  genus,  though  they  assume  various  appear- 
ances in  different  strata.  The  most  abundant  of  these 
is  the  felspar  porphyry  (porphyritic  felsparite)  which 
occurs  in  beds  of  great  thickness. 

The  nature  of  these  granitic  rocks  has  been 
already  discussed :  and,  since  it  has  been  seen  that 
their  bases  are  common  to  the  rocks  of  the  porphy- 
ritic series,  it  is  easy  to  understand  the  reason  of 
their  mutual  and  intimate  connection. 

The  farther  these  granitic  rocks  are  removed  from 
the  central  groups  of  granite,  the  more  regular  they 
are  both  in  size  and  direction :  they  underlie  at  a 
very  considerable  angle,  and  almost  universally  to 
the  opposite  point  of  the  compass  to  which  the  slate 
dips :  running  towards  the  main  mass  of  granite, 
whereas  the  latter  inclines  therefrom. 

Dr.  MaccuUoch*  observes  on  this  subject,  that 
compact-felspar  is  the  usual  basis  of  those  porphyries 
found  associated  with  the  primary  rocks ; — that  there 
is  much  difficulty  in  determining  the  true  nature  of 
these  porphyritic  masses,  as  occasionally  they  seem 
to  cut  the  strata,  while  in  other  places  there  can  be 
no  question  that  they  are  parallel  to  them : — and  he 
concludes,  by  giving  it  as  his  opinion,  that  they  are 
veins,  like  trap  in  the  same  position. 

The  Cornish  miners  appear  to  entertain  a  similar 

*  TriBt.  of  Um  Qttti,  Soc.  of  London,  Vol.  IV.  p.  969.  et  leq. 
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opinion  concerning  these  beds  of  porphyry,  as  they 
call  them  elvan-courses  or  channels:  this  has,  I  think, 
arisen  on  account  of  the  elvans  differing  in  structure 
from  the  slate.  Both  of  these  rocks  are  divided  into 
thick  layers  by  parallel  seams :  but  between  these 
the  former  is  compact;  the  latter,  schistose.  So  that 
the  miner,  working  through  a  slaty  rock,  is  regard- 
less of  the  seams,  because  every  random  blow  of  the 
pick  is  sure  to  alight  on  one ;  but  when  he  arrives 
at  a  massive  rock,  which  presents  comparatively  few 
joints,  and  which  extends  regularly  both  to  the  right 
and  to  the  left,  it  is  natural  for  him  to  call  this  a 
course  or  channel:  it  has  arrested  his  progress,  and 
he  therefore  observes  its  structure,  whilst  the  more 
tractable  slate  is  passed  by  unheeded. 

The  shores  of  Mount's  Bay  afford  excellent  illus- 
trations of  the  nature  of  these  porphyritic  beds : 
and  those  near  Penzance,  and  at  Pra  Sands,  in 
particular,  distinctly  shew  their  transition  into  the 
adjoining  slate.  Like  the  other  massive  rocks,  these 
porphyries  also  alternate  in  irregular  beds :  as  is  well 
exemplified  in  the  case  of  the  Tavistock  Tunnel, 
recorded  by  Mr.  Taylor;*  and  also,  in  the  cliffs 
between  St.  Agnes  and  Cligga  Point. 

Such  are  the  rocks  of  the  porphyritic  series  :  and 
those  of  the  calcareous  series  possess  similar  geologi- 
cal characters ;  that  is,  they  are  capable  of  being 
divided  into  distinct  genera,  which  are  composed  of 
massive  and  slaty  rocks,  partially  alternating  and 
mutually  passing  into  each  other. 

•    Tnuif.  Gcol.  Soe.  of  London.  Vol.  IV.  p.  151. 
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The  composition  of  these  rocks  19  not  so  easily 
ascertained  as  the  last ;  but  since  analogous  horn- 
blende-rocks occur  amongst  them,  it  is  possible  that 
they  may  be  composed  of  the  same  substances :  they 
are  modified,  however,  by  the  presence  of  carbonate 
of  lime,  which  appears  to  pervade  the  whole  of  this 
series ;  and  as  it  has  been  seen  that  felspar  sometimes 
predominates,  in  the  first  series,  so  as  to  form  beds, 
so  likewise,  in  the  group  about  to  be  considered, 
carbonate  of  lime  is  occasionally  so  accumulated,  as 
to  constitute  strata  of  limestone. 

I  do  not  know  of  any  spot  where  these  series  come 
into  contact  with  each  other :  and  indeed  if  a  natural 
section  of  them  were  exposed  to  view,  it  probably 
would  be  no  easy  matter  to  draw  a  line  between 
them,  as  they  are  so  similar  in  composition. 

As  it  is  difficult  to  point  out  the  precise  line  of 
junction  between  these  series,  so  is  it  also  to  decide 
to  which  of  these  the  adjoining  genera  belong.  This 
is  particularly  so  with  the  magnesian  rocks  which 
will  be  first  described.  These  rocks  occur  in  several 
parts  of  Cornwall,  as  at  PoUaphant,  Clicker  Tor, 
Duporth,  and  the  Lizard :  it  is  only  at  the  last  men- 
tioned place  that  they  form  a  large  tract  of  country ; 
affording,  perhaps,  one  of  the  finest  examples  of 
serpentine,  and  certainly  one  of  the  most  instructive, 
on  account  of  the  numerous  sections  exhibited  in  the 
searcliffs.  But  although  the  Lizard  is  the  best  place 
for  studying  the  internal  structure  of  the  magnesian 
rocks,  it  is  inferior  to  Clicker  Tor  and  Duporth,  for 
disclosing  their  geological  relations. 
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Approaching  the  Lizard  from  Constantine,  the 
magnesian  rocks  appear  to  follow  strata  which  are 
associated  with  limestone^  and  which  dip  at  an  oppo- 
site angle  to  the  former ;  from  which  circumstances 
it  is  prohahle,  as  already  stated,  that  the  serpen- 
tine is  the  continuation  of  a  series  belonging  to  a 
mass  of  granite,  south  of  the  Lizard,  and  not  to 
that  of  Constantine.  This  opinion  is  also  in  some 
measure  strengthened  by  the  occurrence,  at  the 
Lizard  Point,  of  hornblende-rocks  with  a  bed  of 
talcose  slate  interposed :  thus  rendering  the  position 
of  this  serpentine  the  same  as  in  other  parts  of 
Cornwall.  And  it  is  farther  worthy  of  remark  that 
the  serpentine  is  preceded  by  rocks  containing 
calcareous  spar  in  every  instance,  with  the  exception 
of  that  at  Duporth,  and  is  immediately  succeeded 
by  rocks  containing  limestone. 

The  magnesian  rocks  of  Cornwall  may  be  divided 
into  three  genera ;  into  diallage-rock,  serpentine,  and 
talc-schist :  the  last  is  generally  received  as  a  dis- 
tinct rock,  otherwise  I  should  have  described  it  as  a 
schistose  species  of  serpentine. 

Sir  H.  Davy,*  and  Mr.  Majendie,f  have  observed, 
that  diaUage-rock  passes  into  serpentine  at  Coverack 

*  Vol.  I.  p.  84.  t  Idem.  p.  4S. 

Calcareous  Series. 

The  rocks  of  this  series  generally  eontaio  particles  of  calcare- 
ous 8par»  or  are  traversed  by  veins  of  the  same :  and  this  mineral 
sometimes  so  predominates  in  the  mass  as  to  form  beds  of  lime- 
atone  and  calc-schists.  This  series  is  not  so  metalliferous  as  the 
porpfaytitic:  coppe^ores  are  not  common,  but  lelul,  antimony^ 
uvd  mangtaieiie,  are  abundant 
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Cove,  which  confinns  the  opinion  that  the  latter  rock 
is  a  compound  of  the  same  minerals  as  the  former, 
differing  only  in  the  mode  of  aggregation.  If  this 
conclusion  be  correct,  diallage-rock  is  analogous 
to  Senile,  and  serpentine  to  the  greenstone  of  the 
porphyritic  series;  indeed,  in  composition,  these 
rocks  appear  only  to  differ  in  the  serpentine  contain- 
ing more  magnesia  than  the  greenstone,  which  ex- 
plains the  intimate  connection  subsisting  between 
these  rocks :  and  Dr.  Macculloch*  has  recorded  a 
remarkable  instance  of  serpentine  passing  into  trap 
in  a  greenstone  vein,  in  Perthshire. 

In  most  of  the  species  of  diallage-rock  or  eupho- 
tide,  the  felspar  and  diallage  are  distinctly  crystal- 
lized ;  but  these  minerals  are  sometimes  in  such  fine 
granules,  that  the  rock  becomes  homogeneous. 

*  Journal  of  Science  and  A.it8.    Vol.  X.  p.  29. 

Gen.  11.  EuPHOTiDB  OR  Diallage-rock.  Consists  of  felspar 
and  diallage,  both  of  which  are  very  crystalline,  and  are  gene- 
rally very  distinct,  in  the  form  of  granules  aggregated  together, 
and  mutually  penetrating  each  other  after  the  manner  of  granite : 
but  sometimes  these  minerals  cannot  be  distinguished,  more 
especially  in  the  schistose  species,  and  in  these  the  felspar  base 
appears  to  contain  more  silica  resembling  the  compact  variety 
of  this  mineral.  The  felspar  in  this  rock  does  not  appear  to 
be  identical  with  that  of  granite ;  it  is  probable  that  a  portion 
of  magnesia  enters  into  its  composition. 

*  The  component  parts  crystalline ;  granUoid, 

E.  gramUar,  .  The  constituents  in  grains  about  the  size  of  a  pea.    LomX.    St. 
Keveme.  Between  the  Manacles  and  Coverack. 

£.  coane-grmetL    The  granules  much  larger  than  those  of  the  last.    JLscal. 
Manacle  Point. 

E.  fne  'grained.    Constituents  in  very  small  grannies,  but  still  distinct    jLsmI. 
Near  Porthoustook.  Owinler.  Western  side  of  Kennick  Core.  MuUioii. 

£.  porphyritic.    Crystals  of  hypersthene  imbedded  in  t&e  foragoing    Zseal. 
Manacle  Point. 
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The  hornblende-slate  of  the  Lizard  is  entirely 
distinct  from  that  of  the  other  parts  of  Cornwall ; 
and,  therefore^  ought  to  be  separated  therefrom.  In 
the  foregoing  pages  the  transition  of  this  slate 
into  euphotide  and  serpentine  has  been  repeatedly 
noticed :  but  it  is  more  closely  allied  to  the  former, 
as  is  shewn  by  its  great  hardness,  and  by  its  resplen* 
dent  lustre ;  and  it  is,  therefore,  proposed  to  distin- 
guish it  by  the  name  of  schistose  euphotide. 

This  schist  appears  sometimes  to  be  imbedded 
both  in  the  euphotide,  and  in  the  serpentine ;  and 
at  other  times,  the  latter  rock  seems  to  be  subordi- 
nate to  the  schist :  but  the  fact  is,  that  all  of  these, 
(like  the  massive  and  slaty  species  of  greenstone) 
although  they  alternate  on  a  given  line,  yet  they  do 
not  long  continue  parallel,  nor  do  they  preserve  a 
continuous  course  for  any  considerable  distance :  but 
they  mutually  abut  against  each  other,  sometimes 
the  one  and  sometimes  the  other  prevailing. 

Serpentine  exhibits  a  great  many  varieties ;  some 
of  which  are  very  hard,  whilst  others  are  so  soft  as 
to  yield  to  the  nail :  this  difference  appears  to  depend 


•• 


The  component  parts  not  distinct. 


£.  annpact.  A  massiye  rock,  in  which  the  constitaents  can  no  longer  be  dit* 
tinguished.    Local,    Porthoustock.   Manacle.  Boleriom,  neiur  Mullion. 

E.  lameUar,  Similar  on  the  cross  fracture  to  the  compact,  but  interlaminated 
with  scales  of  diallage,  which  makes  the  surface  of  this  rock  sparkling  and 
glossy.  Local.  Porthoustock.  Cadg^ith.  Landewednack.  Mullion.  Lower 
Pradanack. 

£.  schistou.  Very  fine-grained  homogeneous  and  fissile.  LocaL  Landewed- 
nack. Housall  CoYe.  Bolerium. 

£.  striped.  The  preceding  with  alternating  laminsB  of  the  simple  bMis,  which 
is  generally  quartzose.    Local,    Cadgwith.  Landewednack. 

VOL.  IV.  8  F 
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on  the  felspar  base  which  undergoes  several 
cations  between  a  crystalline,  compact,  and  graanlar 
state,  as  seen  in  the  precious  serpentines,  in  toe  ia- 
durated  steatites,  and  in  the  conmion  and  ollareous 
serpentines.  In  the  same  manner,  as  the  rocks  of 
the  porphyritic  series  assume  varioes  properties, 
according  to  the  condition  of  the  compact-felspar 
base :  with  this  difference,  however,  that  in  the  latter 
the  proportion  of  the  silica  appears  to  modify  the 
compound,  whereas  in  the  former,  ft  is  to  be  attri^ 
buted  to  magnesia.  The  accessory  mineral  (diallnge) 

Gen.  12.  Ssrpkntinb.  Has  a  basis  of  magnesian  compact- 
felspar,  (that  is,  a  combination  of  the  felspar  of  the  ewphotide 
with  variable  proportions  of  magnesia,  and  perhaps  of  silica} 
which  basis  is  intimately  united  with  various  kinds  of  diallage, 
whence  it  derives  its  colour ;  and  it  also  contains  this  acee»* 
sory  mineral,  in  crystalline  scales,  and  other  distinct  forms. 
Serpentine  is  traversed  and  much  intersected  by  irregular  veins 
and  layers  of  different  kinds  of  steatite,  which  probably  differ 
very  little  in  composition  from  the  magnesian  felspar  base. 

*   With  a  granular  bow. 

S.  grfmular.  Colour  various,  but  generally  dark  olive  green :  very  fine-grained 
and  rather  hard ;  and  of  an  uniform  composition.  Jjoeai,  Dranna.  Clicker 
Tor.  Dnporth.  Chynhali  Point  Trelowaxren-gate. 

S.  lameUar,    Composition  similar  to  the  last,  with  the  addition  of  diaUage  s» 

arranged  as  to  make  the  rock  schistose.    JLoeai,    Dranna.  Between  Run 

Minor  and  Cadgwith.    VeUan  Point. 
S.  gtriped.    Differs  from  the  last  in  alternating  lamine,  being  of  divexs  oolonis. 

Local.     Dranna. 
S.  didttargie,    A  base  of  the  granular  spedet,  throughout  which  scales  of  dial- 

lage  are  interspersed :  these  vary  in  colour  fnm  red  to  green ;  and,  In  the 

quantity  present  in  the  mass.  Zoeol.  Coveraok.  lasaid.  Kinance.  Kennlek. 

Higher  Pradanack. 
S.  oUaremu.    The  basis  granular  and  soft,  resembling  potstone,  wltii  diaaenn- 

nated  scales  of  diallage.  Quarried  as  a  building  stone.  ZiOmI.  PollaphaBt. 
S.  spotted.    A  compact  and  tough  rock,  the  basis  of  which  is  of  a  dark  grey, 

thickly  mottled  with  while  and  angular  portions  of  a  miaerml  like  steatite. 

IjocoL    Duporth,  near  Chariestown. 
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also  imparls  characters  to  the  serpentine  according 
as  it  is  intimately  combined  with  the  base,  or  is 
disposed  in  distinct  forms :  this  mineral  also  expe* 
riences  transritions,  passing  into  talc,  asbestus,  tre- 
molite,  and,  perhaps,  into  intermediate  substances. 

Both  of  the  component  minerals,  in  all  their 
modifications,  freq^iieiifly  occur  in  irregular  strings, 
veins,  and  layers,  w%Sdi  traverse  the  serpentine 
rocks  in  various  directions. 

Talc-schist  is  intimately  connected  with  euphotide 
and  serpentine  by  the  change  of  diallage  into  talc : 
It  is  too  well  known  to  need  a  particular  description ; 
but,  it  may  be  observed,  that  the  Cornish  variety  is 

**  With  a  compact  batU,  transhuxnt  on  the  edges. 

S.  freeitms.  Of  an  aniform  smooth  textare :  it  is  oflen  of  a  dark  oUtc  by 
reflected,  and  of  a  light  rich  green  by  transmitted,  light :  sometimes  of  a  fine 
dark  brown  when  viewed  through  its  edges.    Laeal,    Kinance.  One  Graze. 

8«  compact,  Ayery  dark  coloured  rock,  but  of  a  pale  green  in  thin  pieces.  It 
is  rather  fine-grained  on  the  cross  fracture.  Load,  Cagar,  near  Ruan  Minor. 

S.  friolet.  A  compact-felspar  base  of  a  violet  coloar,  with  imbedded  scales  of 
diallage.    Local,    G winter,  near  Kennick  Cove.  Coverack. 

S.  steoHtie.  A  basis  of  indurated  steatite,  with  or  without  arborescent  and 
other  markings.    Local,    Black  Head.  Gue  Grace. 

Gen.  13.    Talc-schist.     A  basis  of  ^aniilar  felspar,  inter- 

mixed  with,  and  laminated  by,  talc,  which  can  only  be  seen 

in  distinct  scales  in  the  veins  traversing  this  rock.     It  is  a 

glossy  slate,  having  the  peculiar  saponaceous  feel  of  magne- 

sian  minerals. 

T./olmted,  A  dark  bluish  grey  when  perfect,  becoming  of  an  ochreous  yellow 
when  changed  :  breaks  into  thin  irregular  folia,  which  are  very  glossy.  It 
abounds  in  nodules  and  short  veins  of  quartz  and  calc-spar,  containing 
scales  of  talc.    Local.    Under  the  Light-houses  at  the  Lizard. 

T.  lamellar.  Divides  into  thin  laminas,  the  cross  fracture  of  which  is  granular : 
tt  is  soft  and  steatitic.    Local.    The  ttortii  side  of  the  Draana  serpentine. 

T.  orauUated.  Like  the  last,  but  more  glossy  and  unctuous ;  the  laminae  are 
arranged  in  angular  plaits.    Load,  Duporth  Cove. 

T.  §chi8to§€m  A  very  fissile  glossy  slate.  Local.  Trenalt,  near  Pollaphant 
Bofsinney  Cove. 

3f2 
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a  compound  of  compact^felspar  and  talc,  bearing 
the  same  relation  to  the  true  talc-schist,  as  the  slate 
of  St.  Breward  does  to  mica-slate. 

Connected  with  the  oUareous  serpentine  of  Polla- 
phant,  and  immediately  succeeding  it,  are  strata  of 
calc-schist,  which  have  a  very  glossy  appearance, 
derived  probably  from  a  mixture,  of  talc,  which  is 
present  in  the  quartz-veins,  and  in  the  bed  of  lime- 
stone which  occurs  in  this  schist.  The  limestone, 
besides  being  much  intermixed  with  talc,  contains 
nodules  and  large  masses  of  homstone. 

It  is  proposed  to  form  a  new  genus  of  these  strata, 
under  the  name  of  talcocalcite.  I  observed  a  schist- 
ose variety  of  this  rock  at  Cotele,  on  the  Tamar, 
near  Calstock :  but  I  have  not  detected  it  in  any 
other  part  of  Cornwall. 

It  has  been  stated,  that  the  strata  immediately 
following  the  magnesian  rocks,  contain  beds  of  lime- 
stone ;  as  may  be  seen  in  the  sections  from  Clicker 
Tor  to  the  Rame,  and  from  Grampound  to  Yeryan. 


Gen.  14.  Talcocalcite.  Is  a  compouDd  of  the  same  mine- 
rals as  talc-schist  and  of  calcareous  spar :  its  constituents  are 
variously  aggregated ;  sometimes  the  one,  and  sometimes  the 
other  predominating  in  the  mass  ;  but  all  its  species  effervesce 
more  or  less  in  dilute  muriatic  acid. 

T.  ccmpaet,  A  light  coloured  limestone  with  a  silky  lustre.  It  is  much  inter- 
sected with  veins  of  calc-spar.    Load,    Trenalt,  near  PoUaphant. 

T,  9ckidoa€.  Ha«  a  fine  texture  with  shining  lustre,  and  is  rery  fissile.  JLoeti, 
Trenalt 

T.  lameUar,  It  is  of  a  dove  colour  and  very  glossy :  breaks  into  rhomboidal 
slabs.    Load,    Cotele. 

T.  iUictoua,  Similar  to  the  compact,  but  contains  more  silica,  which  some- 
times so  much  preyailB  as  to  produce  homstone  and  other  siliceous  minerala. 
Load,    Trenalt. 
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This  limestone  suite  of  rocks  forms  a  considerable 
extent  of  country  on  the  southern  part  of  Cornwall, 
which  being  fertile  does  not  afford  many  opportuni- 
ties for  examination.    When  the  magnesian  rocks 
are  wanting,  the  limestone  suite  is,  like  the  former, 
immediately  preceded    by    hornblende-rocks,  con- 
taining calcareous  spar :  and  this  mineral  gradually 
increases,  as  you  recede  from  the  granite,  until  it  so 
far  prevails  as  to  form  limestone,  which,  however, 
always  partakes  of  the  nature  of  the  hornblende-rock; 
i.  e.  it  is  composed  of  carbonate  of  lime,  compact- 
felspar  and  hornblende,  in  various  proportions.  Such 
is  the  simplest  form  of  transition  in  this  suite;  but 
it  is  generally  more  complicated :  the  quartz  some- 
times prevails  in  the  compact-felspar  base,  giving  rise 
to  various  kinds  of  massive  and  granular  quartz- 
rocks  ;  and  the  hornblende,  in  like  manner,  produces 
rocks  which  are  not  easily  distinguished  from  the 
greenstone  of  the  porphyritic  series,  just  as  the  latter 
contains  beds  which  are  common   to  the  granitic 
groups.    And  again,  each  of  these  massive  rocks 
gradually  passes  into  slate,  which  always  partakes 
somewhat  of  the  characters  of  the  respective  rocks 
with  which  it  is  associated.    Thus»  though  it  is 
difficult  to  describe  all  the  varieties  of  this  suite, 
and  more  particularly  so  when  they  are  only  examined 
in  one  part  of  the  county,  yet  it  is  hoped  that,  after 
these  general  observations,  their  nature  will  be  easily 
understood.    I  shall,  therefore,  only    make  a  few 
remarks  on  some  of  these  rocks,  concerning  which 
there  has  been  a  difference  of  opinion. 
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The  compact  rock  at  Grampoand,  and  elsewbere, 
containing  grains  and  nodules  of  quartz,  has  been 
pronounced  a  true  greywack^ :  and  the  crystalline 
granular  rock  at  Mawnan,  which  owes  its  peculiar 
appearance  to  the  dissemination  of  small  and  irregu- 
gular  portions  of  carbonate  of  lime,  has  also  been 
referred  to  the  same  formation.  But  on  the  view 
of  the  subject  here  advanced,  they  are  considered  as 
original  or  primary  rocks,  each  having  one  of  its 
constituents  separately  aggregated  into  a  distinct 
mineral,  in  the  same  manner  as  the  granules  and 
crystals  in  a  basis  of  felspar-porphyry. 

At  the  commencement  of  this  suite,  preceding  the 
beds  of  limestone  at  Tregoney  and  St.  Anthony,  in 
the  central  district,  on  the  banks  of  Helford  Harbour 
and  elsewhere,  a  coarse  lameRar  rock  is  of  frequent 
occurrence;  when  unchanged  it  is  blue,  granular 
in  its  texture,  and  contains  numerous  minute  span- 
gles of  mica,  to  which  it  appears  to  owe  its  lamellar 
structure;  but  it  is  generally  disintegrated  to  a  great 
extent,  when  it  becomes  of  a  yellowish  brown  colour, 
and  arenaceous  in  its  texture ;  and  has  been  mistaken 
for  an  argillaceous  sandstone.  This  rock  is  always 
associated,  and  alternates,  witii  a  blue  glossy  and 
iridescent  slate,  which  has  a  very  fine  texture,  and  is 
fissile,  but  on  its  cross  fracture  is  splintery. 

This  limestone  gmte  likewise  occurs  on  the  north 
coast,  between  Wadebridge  and  Padstow.  Some  of 
its  varieties,  however,  differ  from  those  on  the  soutii 
«Oast,  but  not  materially :  that  at  Port  Isaac  and 
Endellion  may  be  particularly  noticed ;  it  contains 
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anygdaloidal  nodules  of  calc-apar,  which  are  re- 
moved during  weathering,  leaving  a  vesicular  and 
earthy  compact-felspar^  stained  with  oxide  of  iron, 
derived  from  the  decomposition  of  the  horaUende. 

Such  are  the  principal  rocks  connected  with  the 
black  limestones  of  Cornwall :  and  I  think  that  they 
may  all  be  divided  into  three  genera ;  comprising 
1st  the  hornblende  rocks> — 2nd.  the  limestones  and 
calcareous  schists, — and  3rd.  the  lamellar  micaceous 
rocks,  and  the  slates  associated  therewith,  which 
form  the  principal  part  of  this  suite  of  rocks,  and 
in  which  the  hornblende  and  limestone  rocks  are 
generally  imbedded. 

These  hornblende-rocks,  as  they  differ  from  those 
of  the  porphyritic  series,  ought  to  be  distinguished 
from  the  genus  greenstone ;  and  until  a  better  name 
be  proposed,  it  may  be  called  corneanite.* 

*  Be  la  Beche  has  m»plied  the  tenn  eometm  to  designate  a  Tariety  of  trap- 
pean  rocks  in  Pembrokeshire,  '*  which/'  he  says, "  may  be  divided  intofelspa- 
thic,  qnartzose,  and  hornblendic,  as  those  minerals  a|ipear  to  prevail  in  the 
mass.'* — Geological  Manual,  p.  470.  Perhaps  the  rocks  iiere  described  mdcr 
the  name  of  eomeon,  are  equivalent  to  the  greenstone  of  the  porphjrritic  series: 
if  so,  this  term  might  be  adopted  in  the  place  of  greenstone;  aad  boom  other 
might  be  invented  for  the  hornblende-rocks  of  tiie  calcareous  series. 

Oen.  16.  CoRNBANiTE.  This  rock  is  very  similar  to  the 
greenstone  of  the  porphyritic  series ;  so  much  so,  that  it  some- 
limes  canEot  be  disttnguisbed  ther^fromy  in  hand-specimens; 
perhaps  analysis,  and  a  more  minute  examination,  may  detect 
characters  as  distinct  as  those  which  separate  Aem  on  a  large 
scale.  It  has  a  basis  of  various  kinds  of  compact-felspar,  com- 
bined with  berablende,  which  is  commonly  in  a  less  proportion 
than  in  greenstone.  It  sometimes  contains  particles,  granules^ 
and  minute  veins  of  cak-spar,  by  means  of  which  it  gradually 
passef  iiito  the  Un^estone  of  the  next  genus:  it  also  occasion - 
aUy  abowids  in  granules  and  nodules  of  quarts;  aad  tbia 
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The  black  limestone  of  Yeryan  has  been  analyzed 
by  the  Kev.  Mr.  Gregor^  who  found  a  hundred  parts 
of  a  good  specimen  to  yield  89j  carbonate  of  lime, 
10  silex  mixed  with  manganese^  and  |-  oxide  of  iron.* 
This  must  have  been  a  selected  sample,  such  as  is 
only  to  be  found  in  nodules  and  thin  layers ;  for  an 
average  specimen  of  the  whole  stratum  of  this  rock 
(which  is  often  more  than  fifty  feet  in  width  )  would, 

*    Vol.  I.  p.  108. — ^The  Rer.  S.  Trist,  on  the  Veryan  limestone. 


mineral  often  so  predominates  in  tUe  base,  that  it  becomes 
almost  entirely  siiiceoiis.  Corneanite  spmetimes  contains  veins 
of  antimony  and  lead ;  but  it  more  abounds  in  manganese. 

C.  compact.  An  uniform  mixtare  of  the  constituents  fonning  a  hard  and  mas- 
sive rock.  Local.  Egloskerry.  Tresmear.  Otterham.  Rediver  Mill.  Wade- 
bridge.  Fowey.  Portmellion.  Dodman.  Porthscatho.  My  lor.  Pendennis. 

C.  mottled.    Resembles  the  compact,  but  some  portions  of  the  base  being  free 
'  from  the  colouring  mineral,  give  it  a  mottled  appearance.    It  abounds  in 
cubes  of  iron-pyrites.  Local.  Tregamenna  and  Penare  Point,  near  Veryan. 

C  granular.  Coarse-grained  crystalline  and  hard,  spotted  with  white  carbo- 
nate of  lime.    Local.    Mawnan. 

C.  calcareous.  The  copipact  abounding  in  crystalline  scales  of  calc-spar. 
Local.    Pengover.  SL  Ive. 

C.  amtfgdaloidal.  Round  granules  of  calc-spar  and  minute  crystals  of  horn- 
blende disseminated  through  a  light  coloured  compact  basis.  When  decom- 
posed this  rock  becomes  vesicular,  earthy,  and  of  an  ochreous  colour. 
Local*    Port  Isaac.  Endellion.  Hell  Bay,  Padstow  Harbour. 

C.  eiliceoue.  Very  compact  and  hard  :  fine-grained  and  of  an  uniform  texture. 
It  abounds  in  small  irregular  veins  of  quartz  and  of  calc-spar.  LocaL  Be- 
tweien  Wadebridge  and  Camelford.  Tregoose,  near  Grampound.  Porth- 
scatho, near  Gerrans. 

C*  fuartzyerous.  A  basis  of  the  compact,  containing  rounded  grains  and  no- 
dules of  siliceous  mineials.  Local.  Grampound.  Near  Tinker's  Lake,  on 
the  road  from  Liskeard  to  Tor  Point. 

.C«  qmaiiose.  Consists  almost  entirely  of  quartz  intimately  blended  with  a 
minute  portion  of  the  compact,  which  also  occurs  in  irregular  veins  and 
patches.     Local.    Came  and  Crowan,  near  Veryan. 

C  lamellar.  Dark  blue  and  glossy :  breaks  into  thick  rhomboidal  laming. 
Local.    Near  Trerule,  Tor  Point-road. 

C.  ochigtose.    Blue  without  much  lustre :  rather  soft,  but  very  fissile.    Jtaeol. 
"  Penquean  on  the  Camel.  Tinker^s  Lake,  on  the  road  iirom  Liskeard  to  TosPt. 
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I  think,  afford  other  iDgredients  besides  those  men* 
tioned,  and  a  much  soialler  proportion  of  carbonate 
of  lime.  In  general  this  rock  is  so  different  from  all 
the  true  limestones  and  marbles,  and  is  of  such 
frequent  and  extensive  occurrence  in  Cornwall,  that 
it  deserves  a  distinct  appellation,  and  I  beg  to  pro- 
pose that  of  corneocalcite  which  denotes  its  intimate 
connection  with  the  preceding  genus:  under  the 
head  of  corneocalcite  will  be  included  not  only  the 
compact  calcareous  rocks,  but  also  the  several  calc- 
schists  into  which  they  pass. 

The  third  and  last  part  of  this  suite,  comprising  the 
lamellar  and  schistose  rocks,  may  be  called  phyUade : 
those  species  which  are  most  remote  from  the 
granite,  might  be  termed  clay-slate ;  but  this  name 


Gen.  16.  Corneocalcite.  Is  an  intimate  combination  of  car* 
bonate  of  lime,  with  the  constituents  of  corneanite :  and  the 
former  sometimes  so  predominates  in  the  mass,  as  to  form 
a  limestone.     It  effervesces  in  dilute  muriatic  acid. 

C.  compact  (black  lime).  A  hard  massive  compound  in  which  calcareous  earth 
prevails :  it  is  much  intersected  by  veins  of  calc-spar.  It  bums  well,  pro- 
ducing a  lime  like  that  of  Aberthaw.  LocdL  Rock  Ferry,  Padstow.  Din- 
ham  on  the  Camel.  Yeolm  Bridge.  Permiscen  Bay.  St.  Oermans.  Veryan. 

C.  TopUndeni,  A  dark  blue  limestone,  with  numerous  minute  white  facets  of 
calc-spar  disseminated  throughout  It  is  compact,  hard,  and  very  tough. 
It  is  burnt  into  lime.    Local,    Trerule  Foot,  Tor  Point-road. 

C.  homblendic.  Differs  from  the  resplendent  in  containing  distinct  particles 
of  a  black  mineral,  like  hornblende.  Local,  On  the  shore  under  Gwendia, 
near  Veryan. 

C  lameUar.  Breaks  into  thick  rhomboidal  plates :  lime  is  not  the  predominant 
constituent.    Local,    Rock  Ferry,  Padstow.  Permiscen. 

C.  ichistose.  Passes  into  lamellar  conuamte,  which  it  much  resembles,  differ- 
ing only  in  containing  carbonate  of  lime.  LocaL  Tremle  Foot  St  Germans. 
Porthalla.  Near  Buckapit  Bridge. 

C.  Hriped.  Like  the  schistose,  only  variegated  with  brown  stripes.  Load. 
Yeolm  Bridge.  Permiscen  Bay. 

VOL.  IV.  3  G 
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has  been  a4>plied  so  iadiscrimintftely  to  sudi  dis- 
similar  rocks,  that  its  af  plication,  in  this  case,  might 
create  coafusion. 

In  the  northern  part  of  Cornwsli  md  of  Devon, 
there  is  a  considerable  tract  of  rocks  wkieli  are  very 
nearly  alUed  to  those  just  described,  under  theoanie 
of  oorneanite.  These  rocks  oonsist  in  a  great  saea- 
sure  mf  very  thick  beds,  which  are  coarsely  lamellar, 
and  ^ven  compact  and  jointed  like  the  felspar  rocks ; 
indeed,  tibey  seem  to  be  principally  composed  of 
felspar,  even  the  most  compact  and-  siliceous  beeom- 
uDg  weathered  on  exposure  to  the  air :  and  aH  the 
varieties  arise  from  the  proportion  of  silica  that 
enters  into  the  mass.  At  Tresmear,  and  other  places 
inland,  the  rock  is  a  kind  of  granular  felspar ;  at 
Poundstock  and  Whitestone  it  is  more  siliceous  and 
arenaceous ;  the  latter  variety  generally  prevafls  in 
elevated  situations ;  lor  the  same  reason,  as  repeat- 


Gen.  17.    Phylladk.  This  rock  differs  in  a  great  measure  from 

corneanite,  in  having  a  granular,  instead  of  a  compaot  basis : 

and  it  always  contains  minute  spangles  like  scales  of  iDica» 

although  these  are  sometimes  but  very  sparingly  dissemmated 

throughout  the  -mass. 

P.  lamellar.  It  is  blue ;  compact  and  grannlar  between  the  laminaBy  the  sur- 
faces of  which  are  coTered  with  minute  spangles  of  mica.  It  readily  decam- 
poMs,  and  beoomes  yellowish  and  arenaceous.  Ldcal,  Tregoney.  Cargund, 
near  Genrans.  St.  Anthony,  in  Powder.  Portreath.  Mawnan.  Helford. 

P.  qMortzase.  Differs  from  the  lamellar  in  silica  predominating  in  the  base. 
i^MNil.    Pedman.   Resemnllion  Head,  LantiTit  Bay.   Polperro.    Looe. 

P.  tchistose.  A  fine  blue  slate,  often  tarnished  on  the  surface  with  iridesceat 
oeloavs.  It  is  rery  fissile ;  hard  and  splintery  on  the  cross  fraetnre.  JLeeal, 
Mcar  Tregoney  Bridge.   Bt.  Anthony,  in  Powder.  Portreath.  Afawnaii. 

P.  ttriated.  Irregularly  fissile,  surface  striated,  in  other  respects  like  the 
lamellar.  Local,  Cargreen  PoiBt,  on  the  Tamar.  Near  Hay,  between 
Tregoney  and  Veryan. 
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edly  elNierred,  that  the  more  rndestriictib)e  rocks 
have  been  less  acted  on  and  excavated,  than  those 
that  are  prene  to  disintegration.  On  the  sea-shore 
they  are  qnartzose ;  and  thence  the  immense  and  ter- 
rific reefs  that  prevail  on  this  part  of  the  coast :  they 
alternate  with  dark  blue  and  fine-grained  slates, 
which  are  hard,  and  have  a  conchoidal  fracture ;  but 
are  subject  to  disintegration  fVom  the  iron-pyrites 
that  is  disseminated  throughout  them.  This  slate 
often  exhibits  a  peculiar  structure,  containing  flat 
ovoidal  concretions,  which  are  more  durable  than 
the  interstices :  so  that  during  its  decay  this  rock 
furnishes  ready  formed  flattened  pebbles,  which, 
when  met  with  inland,  as  at  Tresparrett  Downs, 
would  be  pronounced  by  most  persons  to  have  been 
formed  by  attrition  on  the  sea-shore.  I  have  only 
seen  one  bed  of  limestone  in  this  suite  of  rocks,  near 
a  slate  quarry  on  the  northern  side  of  Werrington ; 
but  I  understand  that  this  rock  also  occurs  near 
Stratton,  Kilkhamton,  and  elsewhere. 

In  consequence  of  the  Rev.  J.  J.  Conybeare's 
description  of  these  rocks,  in  his  account  of  Clovelly, 
I  have  placed  them  under  a  distinct  genus:  my 
opportunities  for  studying  them  were  not  very 
fevourable,  but  I  entertain  doubts  of  the  propriety 
of  separating  them  from  the  genus  corneanite.  The 
principal  variety  of  these  rocks,  observes  this  geo- 
k^pst,  **  is  known  throughout  Devonshire  by  the 
appellation  of  dunstone :  it  answers  pretty  accurately 
to  the  description  usually  given  of  that  species  of 
greywacke,  in  which  the  fragments  supposed  to  be 

3g2 
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cemented  together  by  the  intervention  of  a  paste  re* 
sembling  the  matter  of  clay-slate,  are  too  small  to 
be  discerned  even  by  the  aid  of  a  considerable  mag- 
nifier."* *'  It  alternates  with  a  fine-grained  slate  in 
distinct  and  well  defined  strata,  sometimes  appearing 
tp  graduate  into  each  other,  and  the  compact  species 
assuming  the  external  configuration  of  greenstone 
and  serpentine."  ''  It  is  destitute  of  metallic  veins. 
It  alternates  with  transition  limestone,  and  where  it 
does  so,  occasionally  contains  organic  remains :  it 
also  alternates,  in  one  instance  at  least,  with  large 
beds  of  a  species  of  culm.  Its  veins  contain  few  or 
no  extraneous  substances,  besides  common  quartz 
and,  though  less  frequently,  calcareous  spar." 

The  limestone  suite,  near  the  mouth  of  Padstow 
Harbour,  is  succeeded  by  extensive  beds  of  red  and 

*    Traiu.  G«ol.  Soc.  of  London.  Vol.  II.  p.  406.  et  aeq. 

Gen.  18.  Dunstone.  This  rock  is  priucipally  composed  of 
compact-felspar  in  which  silica  generally  predominates :  the 
nature  of  its  colouring  mineral  is  not  evident.  It  abounds  in 
quartz-veinsy  iron-pyrites,  and  manganese.  It  is  trarersed  by 
beds  of  black  limestone :  and  is  said  to  cont&in  a  variety  of 
culm.  It  appears  to  be  nearly  allied  to,  if  it  be  not  the  same 
as,  the  genus  corneanite. 

D.  compact.  Granular  and  felspathic,  prodacing  an  arenaceous  soil  on  decom- 
position.  Local,  Tamerton.  Whitestone.  Kilkhampton.  Moorwinatow, 
Poundstock.  St.  Gennys.  Jacobstow. 

n.  i[wartxou.    The  basis  very  siliceous,  approaching  near  to  quarts.    XmoI. 

Crackington  Core.  Widemouth  Bay.  Stanbury  Creek. 
D.  9chMto9e.    Dark  blue,  very  fine-grained,  fissile  in  the  direction  of  the  layersy 

but  very  splintery  on  the  cross  fracture.    Contains  disseminated  particles  of 

iron-pyrites,  which  cause  it  to  decay,    local,    Crackington  Core,  near  St 

Gennys.  Stanbury  Creek,  Moorwinstow.  Boyton. 

D.  nodndar.  Similar  to  the  schistose,  containing  flat  ovoidal  ooncretionf  mt- 
ranged  parallel  with  the  laminae  of  the  rock.  Local,  Cnekington  Cove. 
Widemouth  Bay. 
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greenish  slates^  which  appear  to  be  a  variety  of 
honestone.  These  slates  are  associated  with  a  mas- 
sive crystalline  rock^  forming  the  headlands :  it  is  a 
kind  of  sienite,  consisting  of  small  prismatic  crys- 
tals of  glassy  felspar^  intermixed  with  a  dark  colour- 
ed mineral^  probably  hornblende ;  it  is  very  hard  and 
tough,  gradually  passing  into  the  slates  just  mention- 
ed, which  accounts  for  their  peculiar  properties. 

When  I  examined  these  rocks,  I  saw  no  reason  to 
suppose  that  they  were  not  immediately  connected 
with,  and  in  continuation  of,  the  limestone  suite  ;  and 
I  have,  therefore,  described  them  accordingly :  but 
probably  they  may  be  found  on  a  stricter  examina- 
tion to  belong,  like  the  Lizard  serpentine,  to  another 
series  of  rocks  connected  with  a  mass  of  granite 
parallel  with  the  central  patch  of  the  district.  Be 
this  as  it  may,  these  rocks  are  quite  distinct  from 
any  others ;  and,  therefore,  on  the  plan  laid  down, 
require  a  peculiar  appellation :  this  might  be  derived 
from  the  slate,  and  called  novaculite ;  but  the  more 
correct  way  would  be  to  invent  a  new  name  for  the 

6eD.  19.  Novaculite.  A  compound  of  a  hard  crystalline 
felspar,  and  a  mineral,  like  hornblende,  in  fine  crystalline  grains. 

N.  nenitic.  In  this  the  felspar  is  of  the  glassy  rariety  in  small  prismatic  crys- 
tals ;  and  the  accessory  mineral  is  not  abundant,  and  occurs  between  the 
prisms  in  minute  grains.    Local.    Stepper  and  Pentire  Points. 

N.  gTOMMlar  {Cataclew  stone).  Is  a  fine-grained  mixture  of  its  constituents. 
Jjocal.    Cataclew.  Ounver  Head.  Stepper  Point. 

N.  compact.  Differs  from  the  first  in  the  granules  of  its  respectiye  constituents 
not  being  distinct.    Local.    Cataclew. 

N.  Mcldgtose  (honestone).  Is  fissile,  which  distinguishes  it  from  the  former 
which  is  massive.  It  is  very  fine-grained,  and  of  an  uniform  texture :  in 
the  cross  fracture  it  is  splintery.  Sometimes  red  or  greenish,  and  at  other 
times  both  colours,  in  stripes,  occur  in  the  same  stone.  Local.  On  either  side 
of  Padstow  Harbour. 


» 


422  Dr.  Boasb^  oh  f  Jfe 

massive  rock  :  but^  perhaps,  for  the  present  it  is  be^ 
to  adopt  a  term  that  has  already  been  in  use,  but 
not  so  generally  as  to  lead  to  any  confusion  by  its 
employment  in  a  different  and  restricted  sense. 

A  very  interesting  suite  of  rocks  remains  to  be 
described :  it  occurs  only  in  the  Hundred  of  Les- 
newth,  in  the  eastern  district :  it  appears  to  lie  in  a 
curved  Une  parallel  with  the  northern  side  of  the 
central  granitic  group  to  which  it  approaches,  at 
Brey,  within  the  distance  of  three  miles. 

The  members  of  this  suite  are,  for  the  most  part, 
varieties  of  slate,  which  are  seldom  exposed  to  view ; 
it,  however,  contains  a  few  massive  rocks,  one  of 
which  is  very  crystalline,  and  protrudes  above  the 
surface  at  several  places :  it  is  a  compound  of  a  kind 
of  fibrous  hornblende  and  calcareous  spar,  intermixed 
in  different  proportions.  Attempts  have  been  made 
to  burn  this  rock  into  lime,  but  without  success, 
except  when  the  charge  consisted  almost  entirely 
of  the  veins  of  calc-spar  which  traverse  this  rock. 
It  cannot,  therefore,  be  correctly  called  a  limestone : 
it  is  a  rock  sui  generis,  to  which  a  distinct  name  ought 
to  be  applied;  perhaps  either  ampMhoedlcite^  de- 
aotii^  its  composition,  or  Lesnewthite,  shewing  its 

Gen.  20.    Amphibocalcite.     A  crystalline  compound  of  a 
green  laminated  mineral,  like  hornblende,  and  calcareous  spar. 

A.  oM^Mcf.    The  oonBtitaentB  aggregated  into  a  granular  maMk    LocaL  Orylls. 
Trerine,  near  Davidfltow. 

▲•  toneUer.    Similar  to  the  last,  bat  the  hornblende  more  €OBtipaoii%  iaipad 

ing  a  lamellar  structure,    JLecoL    Grylls. 
A.  •BUttom*    Fine  gruaed  and  its  ooastituents  intimately  blended :  it  is  green, 

gloeay,  IbUated,  and  very  tough.    LamI.    I^lid-way  between  NaUnn's 

«nd  Trethevy.    Trevine.  Tremail. 
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locidity,  might  be  adopted.  This  rock  and  the  slates 
with  which  it  is  associated^  immediately  follow  the 
hornblende-rocks  (the  sienitic  greenstones)  of  David- 
stow  ;  and  they  appear  to  have  the  same  composition 
as  the  latter^  with  the  addition  of  carbonate  of  Ume, 
as  some  of  their  thick  lamellar  slates  seem  to  consist 
of  hornblende  and  a  kind  of  granular  felspar. 

Another  very  interesting  member  of  this  mate 
remains  to  be  noticed,  and  it  is  an  important  one, 
as  furnishing  the  best  roofing  slate  in  this  country, 
and  probably  not  inferior  in  durability  and  the  thin- 
ness of  its  laminae,  to  any  in  the  world*  It  is  quarried 
in  two  places,  at  Delabole  and  Trewarnet,  both  near 
Tintagel,  and  is  commonly  known  by  the  name  of 
Delabole  slate*  This  rock  is  generally  called  clay- 
slate,  but  it  is  distinct  from  any  other  kind  of  slate ; 
and  on  this  account  it  will  be  described  under  a 
separate  head.  One  fact  may,  however,  be  first 
noticed,  as  it  shews  that  this  slate,  although  not  seen 
in  contact  with  the  amphibocalcite,  forms  part  of  the 
same  suite.  It  is  this ; — in  the  slate  of  Delabole 
some  portions  are  not  fissile,  but  occur  amongst  the 
good  slate  in  the  form  of  irregular  bunches,  which 
when  broken  exhibit  a  coarse  lamellar  structure ; 
and  contiguous  to  these  parts  occurs  a  crystalline 
4bliflrted  substance,  precisely  the  same,  in  composi- 
tion, as  the  amphibocalcite :  the  quarts-veins  also, 
which  traverse  this  date,  contain  crystalline  felspar, 
hornblende,  and  cale^par.  Hence  it  may  be  con- 
iduded  that  the  Delabole  slate  is  composed  of  these 
minerals,  or  of  the  elements  of  which  these  ure  com- 
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posed :  and  it  is  proposed  to  distinguish  this  slate 
by  the  name  of  delahole  or  delabolite,  which  genus 
will  also  include  several  kinds  of  coarser  slates,  and 
crystalline  laminated  rocks,  with  which  the  roofing 
slate  is  intimately  connected. 

In  the  various  kinds  of  delabolite  will  be  found 
those  peculiar  concretions,  which  consist  of  radiated 
striae,  resembling  the  impressions  of  shells,  and  which 
have  been  pronounced  by  several  geologists  to  be 
derived  from  organic  remains.  The  Rev.  J.  J. 
Conybeare,*  in  his  notice  pn  this  subject  merely 
refers  to  the  ''specimen  of  slate,  bearing  the  im- 
pressions of  several  shells,"  without  attempting  even 
to  suggest  to  what  genera  they  belong ;  which  is 

rather  surprising,  as  he  might  have  obtained  the 

« 

*    Trans,  of  the  Geol.  Soc.  of  London.  Vol.  IV.  p.  424. 

Gen.  21.  Dblabolb  or  Delabolitb.  Appears  to  be  a  com- 
pound of  the  same  minerals  as  the  last,  with  the  addition  of 
compact-felspar,  which  is  the  predominant  constituent.  It 
does  not  effervesce  in  acids,  except  when  it  contains  small 
irregular  veins  of  amphibocalcite. 

n.  tabular.    Fine-grained,  and  hard :  breaks  into  very  large  aad  thick  slabs. 

Jjocal.    Treval(2;a. 
D.  lamellar.    The  constituents  arranged  in  small  but  disUnct  granules,    Zdoeal. 

Nathan's  Rieve.    Lesnewth. 
D.  achUtose,    A  very  smooth  and  fissile  slate,  but  not  continuous  in  leaves 

sufficiently  large  to  form  a  roofing  slate.    Local,    Penpethy. 

D.  tegular  (Delabole  slate).  A  very  fine-grained  and  hard  rock,  cleaves  into 
very  thin  leaves,  which  are  translucent  on  the  edges ;  whence  the  grey  mottled 
appearance  of  its  surface,  being  covered  with  thin  minute  scales,  as  if  the 
slate  had  not  separated  by  natural  joints,  but  had  been  cloven  through  its 
substance,  like  wood.  It  is  traversed  by  veins  of  quartz,  containing  beaoti- 
Ail  and  regular  crystals  of  this  mineral.    Local.    Delabole.  Trewamet. 

D.  pyriious  (cUff  elate).  More  fissile  than  the  schistose :  its  surface  is  granular 
from  minute  particles  of  hornblende,  and  it  contains  particles  of  iron-pyrites, 
which  cause  it  to  weather.    Local,    WUdtown. 
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opinions  of  the  most  experienced  conchologists  : 
and  I  am  inclined  to  suspect,  though  perhaps  un- 
justly, that  the  plate  which  accompanies  his  notice  is 
not  a  little  indebted  to  the  pencil  of  the  artist ;  for  I 
have  seen  several  specimens,  but  not  one  in  which 
the  markings  have  such  a  near  resemblance  to  shells. 
And  De  la  Beche,*  in  his  description  of  the  lowest 
fossiliferous  slates,  observes  that  ''  the  organic  re- 
mains obtained  both  at  Tintagel  and  on  the  summit 
of  Snowdon,  are  far  from  being  well  preserved. 
Those  of  the  latter  are  most  determinable,  and  are 
found  chiefly  to  consist  of  shells,  and  among  these 
shells  some  appear  referable  to  the  genus  Productar 

This  difficulty  of  ascertaining  the  precise  nature 
of  these  shells,  confirms  me  in  the  opinion  that 
these  impressions  are  not  to  be  attributed  to  organic 
bodies,  but  to  a  peculiar  arrangement  of  the  com- 
ponent parts  of  the  rock.  Many  of  the  coarser  and 
more  irregular  of  these  radiated  concretions  are  very 
crystalline  ;  and  will  often  effervesce  strongly  in  acid : 
this  property  may,  by  some,  be  thought  to  confirm 
their  organic  origin;  but  it  ought  rather  to  be 
attributed  to  calcareous  spar,  which  forms  ( as  has 
been  just  shewn)  one  of  the  constituent  parts  of  this 
rock,  and  w.hich,  by  the  aid  of  a  magnifier,  may 
sometimes  be  seen  in  these  concretions. 

This  question  is  very  important,  and  one  which 
geologists  should  endeavour  to  decide;  for  these 
slates  appear  to  be  connected  with  the  granite  by  a 
continuous  chain  of  gradual  transitions. 

*    Geological  Manual,  p.  457. 
VOL.  IV.  3  H 
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Intimately  connected  with,  and  succeeding  the 
rocks  just  dcBcrihed,  are  the  slates  around  Boscastle. 
The  most  characteristic  of  these  are  dark  blue,  almost 
black,  do  not  alter  in  the  streak,  and  are  uniformly 
combined  with  a  carbonaceous  substance,  which  also 
occurs  in  veins  and  layers,  and  which  appears  to  be 
a  variety  of  anthracite.  These  rocks  also  abound  in 
iron- pyrites :  and  also  contain  immense  layers  and 
nodules  of  quartz,  with  which  the  rock  itself  is 
sometimes  intimately  blended.  They  are  generally 
much  curved  and  contorted ;  and  the  quartz  veins 
often  partake  of  the  most  complicated  inflections. 

The  varieties  of  these  rocks  are  arranged  below, 
under  the  head  of  shale. 

Gen.  22.     Shale.     This  rock  in  its  geological  position  succeeds 

the  delabole :  it  is  in  some  respects  very  like  the  diinstone;  its 

rocks  being  sometimes  hard  and  very  compact,  and  aboundiog 

in  iron-pyrites,  but  it  differs  therefrom  in  generaUy  containing 

a  carbonaceous  mineral,  as  one  of  its  component  parts. 

8.  fyritotu,  A  very  dark  blue  schist,  glossy  on  the  surface  of  its  laminae,  but 
earthy  on  the  cross  fracture :  breaks  into  thick  rhomboidal  layers,  between 
which  it  is  fissile ;  and  all  the  joints  of  which  are  coated  with  iron-pyrites, 
which  is  also  disseminated  throughout  the  slate  in  small  granular  concretions. 
It  does  not  alter  its  colour  in  the  streak.  Local.  Tresuck  and  Valency 
Hill,  near  Boscastle. 

8.  striated.  Similar  to  the  last,  but  the  surface  of  its  laminas  covered  with  ele- 
vated striae.    Local,    Battens.  St  Juliot 

8.  schistate.  Like  the  first,  but  finer  grained  and  very  fissile.  Local,  Bos- 
castle.   Forrabury. 

8.  compact.  The  preceding  abound  in  large  veins  or  rather  layers  of  quarts ; 
next  which  they  are  hard  and  less  schistose,  consisting  apparently  of  the 
same  substance  as  the  slate,  intimately  combined  with  the  quarts :  this  rock 
also  forms  distinct  beds  lying  parallel  with  the  layers  of  the  slate.  I.ocaL 
Valency  Hill,  Bunwy  Creek,  Fire  Beacon,  Pelly  and  Forrabury  Points^ 
near  Boscastle. 

S.  carbonaceoui.  It  is  common  throughout  Cornwall  to  find  each  of  the  con- 
stituents of  a  rock  separated  into  layers  or  beds ;  and  so  it  occurs  with  the 
carbonaceous  mineral  contained  in  this  genus,  which  forms  a  layer  approach- 
ing, in  its  properties,  to  plumbago.  Local,  Willapark  cliff,  near  Fonabory. 
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Almost  every  genus  both  of  the  porphyritic  and 
the  calcareous  series  of  the  schistose  group,  contains 
some  rocks,  in  which  silica  so  abounds,  that  they 
might  be  called  quartz-rock :  but  I  have  preferred 
placing  them  amongst  the  species;  because  the 
quartz  is  always  more  or  less  combined  with  the 
colouring  or  accessory  minerals  of  the  adjacent  rocks, 
and  because  it  is  only  a  variety  of  the  compact^fel- 
spar  base,  which  exhibits  every  gradation  between 
crystalline  felspar  and  quartz,  according  as  one  or 
other  of  these  minerals  predominates  in  the  mass. 

Some  of  these  quartzose  species  occupy  very 
extended  tracts  of  country,  the  boundaries  of  which 
are  distinctly  marked  by  barren  downs.  Those  which 
are  situated  near  the  granite  have  been  very  pro- 
ductive in  tin  and  copper-ores ;  so  that  their  mineral 
contents  compensate  for  the  poverty  of  their  sur- 
face :  and  many  landed  proprietors,  who  have  at  first 
despised  these  bleak  and  sterile  wastes,  would  when 
better  informed,  willingly  exchange  their  pastures 
and  woods,  for  an  equal  number  of  these  acres. 
Thus  the  bounties  of  Providence  are  wisely  distribu- 
ted, so  as  to  render  every  part  of  the  globe  subservient 
to  the  wants  and  comforts  of  man :  and  in  confirma- 
tion of  which  it  may  also  be  observed,  that  these 
quartzose  rocks,  in  consequence  perhaps  of  their 
not  being  liable  to  disintegration,  are  left  standing 
in  the  form  of  hills  and  elevated  downs,  thus  afford- 
ing, though  they  themselves  are  unfavourable  to 
vegetation,  shelter  to  the  productive  valleys,  from 
the  storms  that  sweep  from  the  ocean  over  our 

3h2 
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narrow  peninsula ;  they  also  serve  to  irrigate  the 
valleys  with  the  condensed  fogs  and  rains^  which  their 
hard  and  compact  substance  will  not  absorb. 

Such  are  the  various  genera  of  the  Ocrynian 
Formation ;  and  imperfect  as  their  classification 
must  necessarily  be,  as  a  first  attempt,  yet  it  will,  I 
trust,  prove  that  Cornwall  affords  a  greater  variety 
of  rocks  than  has  generally  been  supposed. 

ON   THE  STRUCTURE  OF  THB  GRANITE  AND  SCHISTOSE 
ROCKS,  INCLUDING  SOME  REMARKS  ON  THB  ORIGIN 

OF  THE  CORNISH  VALLEYS. 

Having  described  the  composition  and  geological 
relations  of  the  Cornish  rocks,  it  is  now  proposed  to 
offer  a  few  remarks  on  their  structure :  this  sub- 
ject has  indeed,  in  part  been  unavoidably  anticipated 
in  the  preceding  pages,  but  it  is  desirable  to  bring 
together  all  the  facts,  into  one  point  of  view. 

Granite,  as  is  well  known,  separates  on  weathering, 
into  quadrangular  blocks ;  and,  in  cliffs,  and  in  the 
upper  part  of  quarries,  it  is  found  to  be  traversed  by 
numerous  ^'otn/^  or  eeams  which  intersect  each  other 
at  right  angles,  dividing  the  rock  into  square  masses : 
these  seems  become  gradually  less  distinct,  the  deeper 
the  granite  is  penetrated  into;  but  still  the  same 
structure  exists,  as  this  rock  readily  cleaves  into 
blocks,  having  the  same  regular  forms.  When  the 
seams  are  well  developed  by  a  partial  decay,  some 
will  be  found  to  be  parallel,  larger,  and  more  distinct 
than  the  others :  and  these  divide  the  granitic  rocks 
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into  layers,  which  are  sometimes  perpendicular,  but 
more  frequently  are  inclined  at  considerable  angles, 
varying  from  45^  to  80^  The  lesser  angles  belong 
more  generally  to  eurite,  felsparite,  and  shorl-rock  ; 
so  that,  these  rocks  have  the  appearance  of  traversing 
the  true  granite.  In  the  case  of  the  porphyritic 
felsparite,  (felspar-porphyry)  the  layers  are  inter- 
nally divided  into  rhomboidal  masses.  These  facts 
appear  to  indicate  that  the  concretionary  forms  of 
granitic  rocks  depend  on  their  mineral  composition. 

The  rocks  of  the  schistose  group  have  a  similar 
structure,  the  compact  varieties  in  particular,  do  not 
differ  in  this  respect  from  eurite  and  felsparite ;  but 
the  layers  (strata)  of  the  slates  are  inclined  at  a  less 
angle,  and  the  various  rhomboidal  masses  of  which 
these  layers  are  composed,  have  an  internal  schistose 
structure,  which  is  generally  parallel  with  the  sur- 
face of  the  layers,  but  in  some  few  instances  is 
nearly  perpendicular  thereto  :  thus  the  structure  of 
the  compact  and  schistose  rocks  principally  differs 
in  the  concretionary  masses  of  the  former,  being 
uniform  and  massive  throughout,  whilst  those  of  the 
latter  are  more  or  less  fissile. 

As  regards  granite  and  other  compact  (unstratified) 
rocks,  the  nature  of  these  seams,  dividing  the  mass 
into  regular  blocks,  appears  to  be  generally  acknow- 
ledged; *Mt  exhibits"  says  Mr.  Weaver*,  in  bis 
description  of  the  East  of  Ireland, ''  the  dissection  of 
distinct  concretions,  being  separated  and  becoming 
obvious  by  the  influence  of  the  atmosphere.'*    And 

*    Trans.  G«ol.  Soe.  of  London.   Vol.  V.  p.  1S9. 
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if  this  be  admitted,  then  must  also  the  layers  of  the 
primary  schists,  be  attributed  to  the  same  concreti- 
onary structure ;  the  result  of  a  peculiar  crystalline 
arrangement  of  the  constituents  of  these  rocks, 
iivhich  assume  various  concretionary  forms,  according 
to  their  nature  and  to  the  proportions  in  which  these 
are  united:  and  which  concretions,  according  to 
their  form,  produce,  by  their  aggregation,  layers 
inclined  at  different  angles. 

I  am  aware  that  the  opinion  that  refers  the  struc- 
ture even  of  the  unstratified  rocks  to  a  species  of 
crystallization,  as  advocated  by  Professor  Jameson 
and  others,  has  called  forth  severe  animadversions : 
all  hypotheses,  however,  and  even  the  most  perfect 
theories,  are  only  of  transient  duration ;  but  even  the 
most  ephemeral  are  generally  deserving  of  respect, 
as  they  lead  to  controversy,  and  often  elicit  truth. 
What  I  mean  to  express  by  the  structure  of  primary 
rocks  being  the  result  of  a  peculiar  crystalline  ar- 
rangement, is  that  the  constituents  of  these  rocks 
(whether  simple  or  compound  minerals)  have  been 
aggregated  together  by  the  power  of  cohesion,  so  as 
to  produce  masses  or  concretions  having  determinate 
forms :  which  process  is  certainly  a  kind  of  crys- 
tallization, even  though  it  should  be  exerted  on 
substances  which  had  been  previously  or  contempo- 
raneously crystallized.  That  the  forms  of  the  indi- 
vidual blocks  or  masses  of  rocks  are  very  diversified, 
and  oftentimes  not  easily  described,  is  not  to  be 
wondered  at,  when  their  ever  varying  and  compli- 
cated composition  is  taken  into  account :  for  even  in 
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the  case  of  the  comparatively  simple  substance,  cal-- 
careous  spar,  how  numerous  and  intricate  are  the 
varieties  of  its  crystals. 

On  this  view  of  the  subject,  granite  is  stratified, 
as  well  as  the  shistose  rocks :  and  if  so,  the  division 
of  the  primary  rocks  into  stratified  and  unstratified 
is  incorrect. 

Mr.  Greenough*  observed  many  years  ago  that  no 
terms  were  more  vaguely  and  indefinitely  used  than 
those  of  stratum  and  stratification :  and  since  that 
time  they  certainly  have  not  been  rendered  more 
intelligible.  The  term  stratum,  says  De  la  Beche,f 
should ,  perhaps,  only  be  applied  to  a  bed  of  rock, 
the  upper  and  under  surfaces  of  which  are  parallel 
planes,  but  it  is  also  employed  to  designate  beds,  the 
upper  and  under  surfaces  of  which  are  irregular. 

According  to  this  definition,  granite  which  occurs 
in  such  beds,  is  a  stratified  rock ;  but  this  term  is 
now  used  in  a  hypothetical  acceptation,  and  implies 
that  all  the  schistose  rocks  have  been  formed  by  a 
mechanical  or  chemical  deposition  from  water. 

Perhaps  these  terms,  stratified  and  unstratified, 
might  be  advantageously  restricted  to  the  derivative 
rocks :  the  former,  denoting  those  rocks  which  are, 
at  present,  in  a  horizontal  position ;  or  which,  on 
account  of  their  regular  and  extensive  parallism, 
appear  to  have  been  so  at  the  time  of  their  produc- 
tion ;  the  latter,  those  massive  and  unconformable 
rocks  by  which  the  former  are  frequently  intersected. 

The  layers  of  the  schistose  rocks  of  Cornwall  are 

*    First  principles  of  Geology,  p.  00.        t    Geological  Manaal.  p.  607. 
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inclined  at  a  lower  angle  than  those  of  gi*anite,  vary- 
ing from  15®.  to  40®.  They,  however,  seldom  main- 
tain their  parallism  or  dip  for  a  considerable  distance, 
being  more  or  less  curved ;  so  that  their  dip  fre- 
quently corresponds  with  the  sides  of  the  hills,  on 
the  top  of  which  they  are  often  found  to  be  horizon- 
tal :  and  thus,  on  approaching  the  sea-shore,  the  land 
rises  towards  the  cliff,  if  the  latter  has  been  pro- 
duced by  a  section  in  the  descending  curve  of  the 
layers,  and  vice  versa  the  land  slopes  down  to  the 
sea.  This  statement  appears  to  be  at  variance  with 
the  general  opinion,  that  the  slate  inclines  from  the 
granite  on  every  side  of  its  insulated  groups :  and 
so  it  is,  when  the  layers  of  the  slate  are  examined  in 
detail ;  but,  viewing  them  on  the  large  scale,  the 
general  curvature  of  the  layers  of  these  rocks  will 
be  found  to  have  a  constant  tendency  to  such  a  direc- 
tion, though  some  of  the  smaller  intervening  curves 
may  not  accord  therewith. 

This  curvature  at  right  angles  with  the  granite,  is 
always  accompanied  by  another  parallel  thereto, 
producing  an  undulation, Jike  the  waves  of  the  sea. 
These  secondary  curves  also  exhibit  a  general  ten- 
dency to  decline  towards  certain  points:  in  the 
principal  north  and  south  curves,  this  is  from  the 
east  towards  the  west ;  and  in  the  east  and  west 
ones,  it  is  from  the  north  towards  the  south : — ^thus 
corresponding  with  the  surface  of  the  county  which 
exhibits  a  declination  from  Launceston  to  the  Land's 
End ;  and,  from  the  north  to  the  south  coast. 

Thus  we  learn  that  the  form  of  the  Cornish  hills 
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and  valleys  have  originated  in  a  great  measure  from 
the  curved  structure  of  the  rocks.    On  this  subject 
Mr.  Hawkins*  has  also  observed,  that  he  has  always 
been  of  opinion,  "  that  the  very  uneven  surface  of 
some  portion  of  the  slate  district  in  Cornwall  and 
Devon>  was  connected  in  no  small  degree  with  its 
interior  structure;  having  constantly  noticed  that 
those  parts  of  the  country^  which  were  most  uneven, 
were  those  of  which  the  slate  beds  were  the  most  ca- 
pricious, both  in  their  direction  and  inclination.**    In 
no  part  of  Cornwall  is  this  connection  better  illus-* 
trated  than  in  Minster,  St.  Gennys,  and  the  neigh* 
bouring  parishes :  where  the  country  consists  of  a 
succession  of  rounded  and  abrupt  hills,  with  deep 
and  narrow  valleys  interposed ;  and  the  cliffs  and 
quarries  shew  that  the  rocks  have  a  similar  confor- 
mation.   This  cannot  well  be  mistaken,  for  the  layers 
of  the  slate,  here,  have  not  an  uniform  curve,  but 
slope  with  a  gentle  sweep  on  one  side,  and  rise 
abruptly,  and  even  precipitously  on  the  other :  and 
the  hills,  more  particularly  those  including  the  paral** 
lei  east  and  west  valleys,  follow  the  same  order ;  and 
their  steep  sides  are  uniformly  those  which  are  more 
remote  from  the  granite.    Towards  the  summit  of 
the  precipitous  sides  of  these  hills,  the  naked  rock 
sometimes  (as  at  Forrabury  and  Boscastle)  protrudes 
in  the  form  of  broken  and  shelving  layers,  having 
very  much  the  appearance  of  having  been  produced 
by  the  fracture  and  elevation  of  the  strata ;  but  I 
think  that  this  can  be  explained  by  the  manner  in 

•  Vol.  in.  p.  T. 
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which  the  elements  act  on  these  peculiarly  cunred 
layers :  on  the  gently  sloping  side  of  the  curve>  the 
disintegr£(ted  rock  remains  undisturbed  in  its  native 
place ;  but  every  shower  of  rain  washes  away  all 
friable  apd  earthy  portions  from  the  precipitous  side, 
and  every  winters  frost  hastens  the  dilapidation  by 
throwing  down  fragments  from  the  same,  as  is  indi-* 
cated  by  the  UUus  of  debris  at  its  base,  and  thus,  in 
process  of  time,  the  aseending  layers  are  removed, 
and  the  edges  of  the  descending  layers,  belonging  to 
the  other  side  of  the  hill,  become  exposed  to  view* 
I  am  confirmed  in  this  opinion,  by  the  appearance 
of  the  rocks  on  the  sea*shore  at  Pelly  Point,  near 
Boscastle :  where  the  undulations  of  the  layers  re- 
present the  hills  and  valleys  in  miniature ;  and  the 
laminae  on  the  abrupt  side  of  the  curves  (which  are 
always  thinner  and  apparently  less  numerous  than 
those  of  the  sloping  side)  may  be  observed  in  every 
stage  of  destruction,  and  when  entirely  removed,  the 
descending  lamina  protrude  in  the  same,  manner  a^ 
the  rocks  on  the  large  scale. 

In  assigning  the  origin  of  Cornish  vaUeys  to  the 
peculiar  structure  of  the  rocks,  I  do  not  mean  to 
deny,  that  the  valleys  of  the  adjoining  counties  have 
been  produced  by  denudation,  as  describe  by 
Professor  Buckland:  nor,  that  some  vaUeys  have 
•been  excavated  by  fluviatile  erosion ;  though  it  is 
probable  that  the.  influence  of  the  latter  cause  has 
been  much  overrated.  At  all  events  the  rivers  of 
Cornwall  (and  indeed  of  the  most  elevated  ranges 
of  all  countries  equally  limited  in  extent)  could  not 
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Imve  bft6tt  instrumental  in  forming  the  valleys,  for 
they  ar6  mstgnificant  in  size,  and  have  evidently,  in 
all  ca^eis,  accommodated  themselves  to  the  preexist- 
\h%  form  of  the  country,  seeking  an  outlet  into  the 
sea  by  the  nearest  continuous  descent :— thus,  when 
the  grianitic  hills  (in  which  the  rivers  commonly  have 
their  source)  are  near  the  sea,  the  course  of  the 
streams  is  pretty  direct ;  but  when  they  are  more 
remote  therefrom,  the  rivers  do  not  discharge  them- 
selves by  the  shortest  route.  The  Camel,  for  instance, 
rises  about  four  miles  from  the  sea,  in  the  moors 
near  Davidstow,  and  flows  more  than  twenty-five 
miles  before  it  empties  itself  into  the  sea  at  Padstow, 
m  consequence  of  an  intervening  range  of  hills  run- 
ning parallel  with  the  granite :  in  this  comparatively 
Iwig  coubse,  it  only  receives  tributary  streams  on  its 
left  bank ;  whilst  those  that  drain  from  the  hills  on 
the  right  bank,  if  they  cannot  find  a  direct  outlet, 
run  through  the  next  valley  parallel  with  the  Camel. 

The  efibcts  at  pi^esent  produced  by  the  Cornish 
rivers,  are  confined  to  th6  conveyance  of  earth  and 
otSier  loose  substances  (generally  received  from  the 
innumerable  rills  which  flow  from  the  adjacent  steep 
bills  during  heavy  falls  of  rain)  which  are  deposited 
at  their  confluence  with  the  sea,  or  sooner  if  the  cur- 
nnt  becomes  slow ;  so  that,  in  fact,  the  rivers  fill 
up,  instead  of  excavating,  the  valleys. 

in  thus  advocating  the  primordial  origin  of  the 
Cbniish  valleys,  it  is  not  intended  to  assert  that  they 
liave  undergone  no  change ;  for  it  cannot  be  doubted 
aUkt  the  solid  rocks  have  alWays  b6en  subject  to  the 
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gradual,  but  extensive,  disintegration  now  in  active 
operation ;  and  that  those  parts,  thus  rendered  fria- 
ble and  earthy,  must  have  been  swept  away  by  each 
successive  debacle,  of  which  visitations  such  ample 
memorials  are  to  be  found  in  this,  as  well  as  in  other 
parts  of  the  world.  Such  denuding  powers,  though 
they  do  not  create,  would  certainly  modify  the  pre- 
vious forms  of  the  valleys,  by  enlarging  those,  in 
elevated  situations,  and  by  partially  filling  up  those, 
at  lower  levels,  with  diluvial  deposits. 

Such  is  the  principal  structure  of  the  Cornish 
rocks :  and  the  layers  of  the  slate  may  be  subdivided 
into  laminae  which  are  generally  parallel  with  the 
surface  thereof;  but  sometimes,  as  at  Penlee  and 
the  Nare  Points,  they  cross  the  layers  nearly  at  right 
angles.  At  Boscastle,  the  laminae  present  a  most 
curious  arrangement,  being  disposed  between  the 
seams  of  the  layers  in  a  contorted  manner,  exhibit- 
ing the  same  complicated  structure  as  the  layers. 

The  rocks  on  the  western  side  of  Tregoss  Moor, 
adjoining  the  granite  of  St.  Dennis,  also  {>ossess  a 
kind  of  internal  contortion  in  a  preeminent  degree ; 
and  it  is  particularly  distinct,  because  the  curves  are 
not  homogeneous,  but  consist  of  black  and  white 
stripes.  These  curves  sometimes  assume  the  most 
capricious  forms  which,  oftentimes,  are  not  unlike 
the  marbled  edges  of  a  bound  book:  and  it  is 
curious  to  observe  how  distinct  the  colours  are  pre- 
served, even  when  they  do  not  exceed  the  size  of  the 
finest  line.  The  nature,  however,  of  these  curves  is 
widely  different  from  those  in  the  slate  of  Boscastle : 
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for  the  latter  are  formed  of  laminae  which  are  fissile 
in  the  direction  of  their  contortions ;  whereas  the 
former  have  no  connection  with  the  mechanical 
structure  of  the  rock,  (the  cleavage  indiscriminately 
crossing  the  curves  as  easily,  as  parallel  thereto,)  but 
appear  to  be  owing  to  the  colouring  or  accessory 
constituent  being  thus  peculiarly  arranged  through- 
out the  basis  of  the  rock,  during  its  formation. 

How  are  these  curves  and  contortions  of  the  la- 
minae, and  of  the  layers,  of  rocks  to  be  accounted  for  ? 

Dr.  MaccuUoch*  states  that  the  quartz-rock  of 
Ben  Gloe  is  contorted  in  the  manner  of  mica-schist, 
''  a  proof  that,  like  all  other  schistose  rocks,  it  has 
occasionally  been  in  a  flexible  state.''  This  opinion 
that  the  primary  schistose  rocks  were  once  in  a 
flexible  state,  during  which,  their  contortions  were 
effected,  is  generally  received ;  and  I  need  only  allude 
to  Sir  James  Hall'sf  well  known  and  very  ingenious 
explanation  of  this  phenomenon. 

The  facts,  however,  which  have  just  been  under 
consideration,  appear  to  be  incompatible  with  this 
opinion :  for  although  it  may  explain  the  simple  cur- 
vatures of  the  layers,  can  it  account  for  the  complex 
curves  of  the  laminae,  between  these  layers  ?  or,  for 
the  agate-like  arrangement  of  the  constituents  in 
the  rock  of  the  Tregoss  Moors  ?  I  think  that  it 
cannot :  and  that  this  curved  and  convoluted  struc- 
ture of  rocks  must  be  referred  to  original  conforma*- 
tion,  being  analogous  to  the  curved  configurations 
80  common  in  the  animal  and  vegetable  kingdoms. 

*    Trans.  Geol.  Soc.  of  London.   Vol.  IV.  p.  267. 
t    Trans,  of  the  Royal  Soc.  of  Edinburgh.    Vol.  VII.  p.  lOS. 
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This  conclusion  is  in  accordance  with  the  obser- 
Vfttions  of  Mr.  Weaver,*  drawn  from  a  similar  district 
m  the  East  of  Ireland.  *'  In  the  line  of  the  O  voca,"  he 
remarks^*' although  the  general  dip  of  the  claynslate 
h  to  the  south-east,  it  sometimes  appears  to  dip  to 
the  north-west,  a  phenomenon  which  I  conceive  to 
arise,  in  part,  from  simple  inflection,  or  from  lenti- 
cular masses,  composed  of  concentric  lamellar  con- 
cretions, which  being  enveloped  in  the  general  hbdy, 
and  abrupted  near  the  surface,  present  only  sections 
to  our  observations.  If  we  could  follow  their  limits 
with  the  eye,  we  should  probably  find  the  fact  to  be 
as  now  stated ;  a  view  of  the  subject,  which  may 
tend  to  explain  the  apparent  inflections  and  contor- 
tions of  rocks  in  general ;  and  perhaps,  the  stratified 
structure,  in  all  its  varieties,  may  be  considered  as 
resulting  from  concretion  on  the  large  scale.'* 

ON   THE   VEINS   OF   CORNWALL. 

I  have  already  stated  that  I  have  purposely  re- 
frained from  making  enquiries,  at  the  mines,  con- 
cerning the  phenomena  of  veins,  in  consequence  of 
Mr.  Henwood  being  engaged  in  an  investigatieft  of 
this  important  subject. 

My  experience,  therefore,  has  been  prinapaiy 
confined  to  those  veins  which  occur  in  diffis,  in  quar- 
ti€d,  and  in  similar  natural  and  artificial  sections,  tkilt 
M^  expoi^ed  to  open  view ;  and,  to  an  examination 
of  the  composition  of  veins,  and  of  their  CMHMetitfn 

♦    Trans.  Oeol.  Soc.  of  London.    Vol.  V.  p.  1T5. 
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with  the  rocks  which  they  traverse,  as  shewn  by  the 
fragments  on  the  surface  of  the  mines. 

This  admission  may  create  surprise,  more  especi* 
ally  amongst  well  informed  miners,  that  any  one 
should  make  remarks  on  the  veins  of  Cornwall,  on 
such  limited  sources  of  information ;  but,  in  reply, 
I  would  observe,  with  the  greatest  respect  for  the 
interesting  and  important  reports  of  practical  men, 
that  these  sources  are  to  us  invaluable,  as  the  only 
ones  of  which  we  can  easily  avail  ourselves  to  exa- 
mine with  our  own  senses,  the  nature  of  veins ;  for 
unless  much  accustomed  to  descend  into  mines,  they 
may  as  well  he  visited  blindfolded. 

From  these  sources,  ther^ore,  I  have  drawn  the 
account  of  veins  about  to  be  detailed ;  some  parts 
of  which  may,  at  first,  be  considered  incorrect,  since 
they  are  not  in  accordance  with  the  general  notions 
on  this  subject :  but  I  trust  that  after  a  careful  perii- 
sal,  unbiassed  by  hypothesis,  that  this  description 
will  be  found  to  be  in  accordance  with  Nature. 

The  veins  of  Cornwall  have  no  determinate  sise : 
being  sometimes  very  narrow,  or  exceeding  sevMal 
fathoms  in  width ;  extending  sometimes  to  a  great 
length  and  depth,  or  terminating  a^r  a  very  shoit 
course  in  either  direction.  As  re^urds  their  form, 
they  are  occasionally,  though  rarely,  contained  within 
parallel  and  regularly  inclined  sides  or  walls;  but 
are  continually  varying  in  width,  both  on  the  Une  of 
tfaeic  course,  and  of  their  inclination;  partaking 
often  of  the  ^ame  undulating,  and  even  curved,  form 
of  the  locks  which  tiiey  traverse :  moreover,  they 


440  Dr.  Boasb^  on  the 

are  accompanied  on  either  side  by  innumerable 
branches^  which  extend  in  various  directions.  And 
lastly,  a  parallel  series  of  veins  frequently  meets  a 
cross  vein,  either  on  the  line  of  its  course,  or  of  its 
dip :  some  of  these  veins  continue  their  direction  on 
either  side  of  the  cross  vein ;  whilst  others,  on  the 
opposite  side  of  the  cross  vein,  abruptly  disappear, 
on  the  line  of  their  original  course,  and  are  often 
found  at  some  distance  therefrom,  but  running  in  a 
parallel  direction. 

On  a  small  scale,  as  in  the  granite  of  Carclaze, 
and  in  the  slate  of  St.  Agnes,  these  branched  and 
intersected  veins  are  beautifully  illustrated :  parallel 
ramifications  may  be  seen  departing  from  either  side 
of  the  veins ;  and  in  the  case  of  intersected  veins, 
they  sometimes  preserve  the  same  course  on  both 
sides  of  the  cross  vein,  but  often  exhibit  that  peculiar 
arrangement,  called  by  the  miner  a  heave. 

Veins  vary  very  much  in  their  composition :  in 
general,  they  consist  entirely  of  earthy  minerals 
which,  indeed,  even  when  the  veins  are  metallife- 
rous, constitute  the  greater  part  thereof,  the  ores 
seldom  being  continuous  for  any  considerable  dis-> 
tance,  but  being  scattered  and  disseminated  through- 
out the  matrix,  in  short  irregular  veins,  layers, 
bunches,  granules,  crystals,  and  similar  forms ;  some- 
times indeed,  but  rarely,  except  in  very  small  veins, 
the  ore  entirely  prevails. 

The  prevalent  idea  of  Cornish  lodes  is,  I  believe, 
rather  imperfect ;  and  those  who  suppose  veins  to 
have  regular  walls,  and  to  have  been  derived  from 
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figures,  "would  not  recognise  as  such,  layers  of  shorl- 
Tock,  of  porphyry,  of  hornstone,  and  even  of  granite 
itself;  but  these  are  called  lodes  by  the  miners,* 
when  they  abound  in  metallic  minerals.  Even  the 
most  regular  tin  and  copper  lodes  are  very  complex 
in  their  composition :  quartz  generally  prevails  in 
the  matrix,  but  is  always  more  or  less  blended,  or 
mixed,  with  a  substance  similar  to  the  adjoining 
rock ;  indeed  the  latter  often  occurs  in  distinct  forms, 
as  nodules,  angular  pieces,  and  even  masses  of  con- 
siderable size,  which  are  independent  of  the  main 
rock,  being  completely  enveloped  in  the  quartzose 
part  of  the  lode :  these  are  of  such  common  occur- 
rence, as  to  nave  been  named  by  the  miners,  horses 
^  alias.  Sometimes  the  schist  so  abounds  in  the 
lode  that  the  quartzose  part  altogether  disappears, 
or  is  only  continued  in  minute  strings ;  in  this  case 
the  lode  is  said  to  have  dwindled  away,  or  to  have 
been  wrung  out.  It  also  frequently  happens  that 
both  these  principal  parts  (the  rock  and  the  quartz) 
are  intimately  united,  producing  a  siliceous  layer  of 
rock  which  is  still  metalliferous,  and  is  commonly 
called  capel: — hence  the  courses  of  shorl-rock,  por- 
phyry, and  some  anomalous  rocks,  which  have  been 
called  by  the  miners  elvn^s,  have  been  properly 
considered  by  them  to  be  analogous  to  lodes  ;  f  for 
they  are,  in  fact,  veins  on  a  large  scale. 

«  **  In  Hnel  Unity,  the  Ovan  is  so  rich  in  tin,  thst  it  is  considerad  as  the 
Un  lode,"    Vol.  II.  p.  70. 

t  ^  Circiunstanoes  are  strongly  in  favor  of  tflmm-coMrset  being  tme  veinsf  of 
which  they  probably  form  one  of  the  earliest  classes."  Carae  on  Veins. 
Vol.  II.  p.  88. 
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**  the  mineral  contents  of  a  vertical  or  inclined  fissure 
nearly  straight,  and  of  indefinite  length  and  depth  :*" 
''  contemporaneous  veins  have  been  usually  distin- 
guished by  their  shortness,  crookedness,  and  irregu- 
larity of  size."  In  the  extreme  cases  of  each,  this 
distinction  might  serve ;  but  I  think  that  it  will  be 
found  that  veins,  whether  mineral  or  metalliferous, 
exhibit  every  gradation  of  size,  and  every  variety  of 
form,  between  the  smallest  and  the  largest,  between 
the  most  irregular  and  those  the  sides  of  which  are 
perfectly  parallel. 

"  The  contents  of  true  veins,**  continues  Mr.  Came, 
*'  are  generally,  but  not  always,  different  from  the 
strata  or  the  rocks  which  the  veins  intersect  :**  the 
contemporaneous  veins  are  distinguished  ''by  the 
similarity  of  the  constituent  parts  of  the  substances 
which  they  contain  to  those  of  the  adjoining  rocks, 
with  which  they  are  generally  so  closely  connected 
as  to  appear  a  part  of  the  same  mass.**  Surely  the 
veins  of  axinite,  prebnite,  serpentine,  agate,  and 
others,  are  not  more  similar,  than  the  metalliferous 
veins,  to  the  rocks  in  which  they  occur ;  nor  do  they 
exhibit  a  more  intimate  bond  of  union  therewith,  for 
although  the  sea$n8  or  joints  of  lades  are  sometimes 
lined  with  clay,  yet  the  same  also  often  exists  be- 
tween the  layers  of  rocks,  which  is  the  result  of 
decomposition  effected  by  water  which  finds  an  easy 
passage  through  the  joints.  ''  Small  branches  are  also 
frequently  found  to  diverge  from  true  veins  on  both 
sides.**  It  iji  almost  needless  to  assert  that  the  con- 
temporaneous  veins  also  possess  this  character. 
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'^  When  contemporaneous  veins,**  adds  Mr.  Came, 
«'  meet  each  other  in  a  cross  direction,  they  do  not 
exhibit  the  heaves  and  interruptions  of  true  veins, 
but  usually  unite.''  This  statement  is  opposed  to 
my  observations,  that  the  phenomenon  of  intersec- 
tion is  common  to  all  kinds  of  veins;  and  I  am 
confirmed  in  my  opinion  by  what  Mr.  Came  says  in 
continuation.  ''  In  a  multitude  of  contemporaneous 
veins  some  may  appear  to  be  heaved,  but  the  appar 
rent  heave  seldom  affects  more  than  one  vein,  and  it 
is  in  general  easy  to  perceive  that  what  appear  to  be 
separate  parts  of  the  same  vein,  are  different  veins 
which  terminate  at  or  near  the  cross  vein.''  How  is 
it  to  be  ascertained  that  the  heaves  are  not  equally 
apparent  in  the  case  of  metalliferous  veins  ?  Much 
remains  to  be  learnt  on  this  subject :  but  in  the  mean 
time  some  weight  is  due  to  the  manner  in  which 
veins  affect  each  other  on  a  small  scale,  for  all  the 
circumstances  are  then  subjected  to  our  senses  in 
one  point  of  view ;  whilst  on  the  large  scale,  the 
miner  does  not  note  all  the  variations  in  the  mineral 
composition  of  the  lodes,  and  of  the  rocks,  at  their 
points  of  contact,  as  his  principal  object  is  to  find 
and  obtain  the  riches  which  the  lodes  contain.  I  do 
not  mean  to  assert  that  hdes  do  not  exhibit  the 
phenomena  called  heaves  ;  but  that  this  arrangement, 
as  in  the  case  of  small  veins,  only  gives  the  appear^^ 
ance  to  lodes  of  having  been  moved  from  their 
original  positions. 

Since,  therefore,  I  cannot  detect  any  characters 
which  are  not  common  to  all  the  Comish  veins,  and 
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3ipee  Mome  of  these  are  generally  aekaowledged  to  be 
contemporaneous  with  the  rodk^  i  eondode,  that 
thiey  have  all  the  same  origin. 

On  these  grounds,  it  follows  that  the  opinion 
which  supposes  oh  intersected  vein  to  be  older  tkmn 
tie  vein  by  which  it  is  travereed,  is  neeestsarily  dis- 
sented from.  Mr.  Carne  has,  on  this  hypothesis, 
attempted  to  divide  his  onler  of  true  veins  into 
several  classes.  Veins  certainly  appear  to  form  some 
very  natural  families ;  but  these  have  been  separated 
hy  Mr.  Came  into  several  classes  solely  to  di^ose 
of  the  exceptions :  thus,  the  tin  aiid  copper  lodes 
have  been  divided  into  the  oldest,  aad  the  more 
recent ;  and  on  the  same  ground  another  description 
of  veins  has  been  split  into  cross  courses  and  eross 
flukaas.  But  even  after  all,  exceptions  still  arise : — 
a  contra,  for  example,  being  heaved  by  an  east  and 
west  lode,  at  Crenver :  in  like  manner,  elvan-coyrses 
are  generally  traversed  by  veins ;  yet  at  Polgooth, 
^e  reverse  holds  good.  In  short,  unless  a  distinct 
cYasB  be  made  to  receive  each  set  of  exceptions,  die 
arrangement  is  defective ;  and  by  so  'doing,  it  wouid 
he  rendered  so  complicated,  as  to  be  of  no  utility : 
indeed,  at  present,  how  are  these  oldest  and  newest 
^Aasses  of  veins  to  be  distinguished  from  each  other  ? 
for  all  tin  and  copper  lodes,  if  explored  only  between 
oertam  points,  must  be  referred  to  the  former ;  it  is 
only  after  considerable  research,  that  it  can  be  asoer- 
tained  in  what  manner  these  veins  are  intersected. 

I  riiatl  have  occasion  to  revert  to  tiiis  topic  again 
%efore  concluding  my  remarks  on  veins. 
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The  conclusion,  that  the  metalliforoits  vdns  of 
Cornwall  are  contemporaneous,  is  at  variance  witb 
the  opinion  that  veins  were  originally  fissures,  which 
is  now  so  generally  received,  that  Dr.  MaccuUoch* 
when  treating  of  the  theory  of  veins  remarks,  that 
''  the  only  important  question  at  issue,  concerns  thd 
manner  in  which  the  contents  of  veins  were  formed 
and  introduced/'  Some  veins  may  have  had  their 
origin  from  fissures ;  but  this  doctrine  is  not  appli*- 
cable,  I  think,  to  the  veins  of  Cornwall : — their  great 
irregularity  in  size,  and  in  form,  their  frequent  rami*- 
fications,  their  similarity  of  composition  and  intimate 
connection,  with  the  rocks  which  they  traverse,  and 
above  all,  the  large  masses  of  slate  which  they  enve- 
lope, (  and  which  could  not  have  been  suspended  in 
an  insulated  position,  either  in  open  fissures,  or  in 
the  contents  of  veins  whilst  in  a  fluid  state,)  all  these 
circumstances  combine  to  disprove  this  hypothesis, 
and  to  support  their  contemporaneous,  origin.  I  may, 
in  this  place,  state  that  in  this  opinion  concerning 
the  veins  of  Cornwall,  I  do  not  stand  alone,  for  Mr. 
Henwood  has  also  come  to  the  same  conclusion ; 
and  I  understand  that  Mr.  R.  W.  Fox  has  long  been 
of  the  same  way  of  thinking,  Mid  that  he  has  lately 
attributed  the  direction  of  the  lois9  to  the  ageney 
of  electro^magnetismb 

This  may  be  the  case,  but  if  so,  the  arrangement 
of  the  layers^  (strata)  of  the  rocks  themselves,  ought 
perhaps  to  be  referred  to  the  same  influence,  for  they 
appear  to  have  been  subject  to  similar  laws.    It  has 

*    System  of  Oeology,  Vol.  1.  p.  880. 


448  Dr.  Boase,  an  the* 

often  struck  me,  that  the  large  veins  correspond  with 
the  seams  of  the  layers  of  rocks,  and  the  smaller  ones 
with  those  of  the  component  blocks  and  lamins  of 
these  layers ;  I  have  repeatedly  detected  this  coinci- 
dence :  this  conjecture,  however,  requires  to  be  put 
to  the  test  of  farther  observations. 

The  correspondence  between  the  direction  of  veins, 
and  of  the  layers  and  laminae  of  rocks,  may  require 
farther  explanation,  in  order  to  make  my  meaning 
intelligible.  Let,  therefore,  those  layers  of  slate, 
which  possess  the  most  regular  form  and  inclination, 
be  taken  for  illustration :  these,  as  already  stated, 
consist  of  an  aggregation  of  flat  rhomboidal  masses, 
and  are  inclined  at  various  angles ;  so  that  the  whole 
body  of  this  slate  is  intersected  by  three  sets  of 
parallel  joints  or  seams.  Now  quartz-veins,  and 
some  of  the  siliceous  rocks  (which,  when  they  con- 
tain ores,  have  been  called  by  the  miner  courses  ^ 
capel,  or  capeUy  lodes,)  are  often  arranged  parallel 
with  the  largest  surface  of  these  layers.  The  gra^ 
nitic  rocks,  however,  (commonly  called  eloanrcourses) 
follow  the  joints  of  the  schistose  layers,  that  are 
inclined,  at  a  greater  angle,  and  generally  dip  towards 
the  granite,  when  the  slate  has  a  contrary  direction.* 
The  metalliferous  veins  also  occur  parallel  with  these 
joints ;  f  and  likewise,  with  those,  which  cross  them, 

*  «  The  eUMn-coicrMf  do  not  always  underlie  in  the  same  directioBy  and 
fcaroely  even  at  the  same  angle,  as  the  dip  of  the  slate."  Mr.  Came  oa  Veins. 
Vol.  II.  p.  82. 

t  '*  I  hate  heard  one  of  the  principal  miners  in  Cornwall  express  aa 
opinion  that  the  kiUas  generally  takes  the  same  direction,  as  the  north-wcrt 
and  south-east  lodes,  in  the  parish  of  Gwenni^."  Blr.  Came  on  Mioing. 
Vol.  III.  p,  8t. 
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nearly  at  right  angles  with  the  central  masses  of 
granite :  and  so  it  follows,  that  corresponding  joints 
of  the  slate  that  are  east  and  west  on  one  side  of  the 
granite,  become  north  and  south  at  another  part  of 
the  central  masses  of  this  rock ;  and  this  circumstance 
may,  in  some  measure,  account  for  lodes  similar  in 
composition  to  the  east  and  west  ones  (as  those  of 
St.  Just)  being  arranged  in  the  position  of  contras. 
The  position  of  the  lateral  branches  of  lodes,  and 
of  some  small  veins,  may  be  assigned  to  the  joints 
between  the  individual  masses,  of  which  the  layera 
are  composed :  and  the  smallest  veins  appear  to  be  dis- 
posed between  the  laminae  of  the  slate,  as  at  St.  Agnes; 
thus,  the  phenomena  of  intersection  and  heaves 
which  the  latter  exhibits,  are  in  accordance  with  this 
conjecture,  as  the  laminae  possess  the  same  structure 
on  the  small  scale,  as  the  layers  of  the  slate.. 

If  this  analogy  be  correct  it  is  justifiable  to  com- 
pare the  greater  with  the  lesser  phenomena :  and  the 
latter,  I  think,  no  one  would  attribute  to  fissures  and 
subsequent  heaves. 

This  view  of  the  subject  explains  why  the  differ- 
ent series  of  veins  cross  each  other,  and  why  the 
veins  of  each  series  are  respectively  parallel.  And 
we  may  suppose,  though  we  cannot  give  a  reason 
for  it,  that  some  kinds  of  veins,  in  preference  to 
others,  may  have  preserved  their  course  during 
the  period  of  their  formation :  so  that,  those  veins, 
which  are  crossed,  may  seem  to  abut  or  terminate 
against  those  that  are  opposed  thereto ;  having  when 
in  the  same  line,  that  peculiar  appearance  that  has 

VOL.  IV.  3  L 
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been  attributed  to  intersection :  and  tbe  appearance 
of  having  been  heaved^  when  on  the  opposite  sides 
of  the  cross  vein,  they  are  not  on  the  same  line,  but 
occur  in  the  parallel  joints  of  distant  layers : — the 
latter  occurrence,  however,  although  very  common  is 
not  universal,  for  in  some  ifastances  the  part  of  the 
vein  supposed  to  have  been  intersected^  has  never 
been  found. 

If  the  conjecture  now  advanced,  and  which  is  de- 
rived from  the  examination  of  veins  on  a  small  scale, 
should  be  found  applicable  to  lodes ;  then  veins,  in 
general,  might  be  arranged  according  to  the  descrip- 
tion of  rock -structure,  with  which  they  are  associ- 
ated :  such  an  arrangement  would  correspond  with 
some  of  the  most  important  classes  of  Mr.  Came ; 
thus,  one  kind  of  veins  occurs  parallel  with  the  layers 
of  the  rocks ;  a  second,  runs  the  same  course  as  the 
layers,  but  dips  at  greater  angles,  and  in  a  different 
direction,  including  the  tin  and  copper  lodes;  a 
third,  intersects  the  layers  at  various  angles  with 
their  course,  comprising  the  cross  courses  and  cross 
flukans ;  and  a  fourth  kind  is  confined  to  what  may 
be  called  the  internal  structure  of  rocks,  viz.  to  the 
joints  of  the  laminss^  and  of  the  angular  masses^  of 
which  the  layers  are  composed. 
'  In  the  examination  of  the  phenomena  of  lodes, 
it  would  be  desirable  to  observe  more  particularly, 
than  has  been  hitherto  done,  the  composition  of  the 
accompanying  rock,  and  also  of  its  mechanical  struc- 
ture :  and  preparatory  to  this,  it  will  be  necessary 
to  study  the  perfect  rock,  at  some  distance  from  the 
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lode ;  and  to  note  carefully  the  various  transitions 
ivhich  it  undergoes^  when  it  approaches  either  elvans, 
mineral  veins  or  lodes,  or  indeed,  under  any  other 
circumstances;  but  above  all,  to  ascertain  the 
changes  which  each  of  these  varieties  undergoes 
during  decomposition,  for  they  must  not  be  confound- 
ed with  distinct  varieties,  as  they  often  have  been, 
under  the  names  of  red,  white,  and  soft,  slates. 

On  the  supposition  that  veins  have  been  arranged 
by  electricity,  or  by  a  similar  agency,  we  may  fancy 
that  certain  currents  were  more  powerful  than  those 
in  a  different  direction,  sa  that  they  interposed  be- 
tween them,  producing  continuous  effects ;  by  which, 
sometimes  the  weaker  currents  were  diverted  from 
their  original  course,  or  even  intercepted  altogether : 
we  might  also  imagine,  that  these  diverse  currents 
would  produce  different  mineral  combinations,  some 
containing  one  metal  and  some  another. 
But  if  the  veins  are  contemporaneous  with  the  rocks, 
we  shall,  I  think,  strive  in  vain  to  account  for  the 
manner  of  their  production :  for  the  Botanist  might 
as  well  search  for  the  cause  of  twigs  and  leaves  being 
sometimes  disposed  on  the  branch,  opposite  to  each 
other,  and  at  ^her  times,  in  an  alternating  position ; 
or  the  Anatomist,  to  explain  the  endless  varieties  of 
ramifications  in  the  vascular  systems  of  animals. 
We  must  therefore  follow  the  example  of  the  culti- 
vators of  these  sister  sciences,  and  be  content  with 
endeavouring  to  obtain  an  accurate  description  of 
veins :  this  object  is,  in  some  measure,  within  our 
reach ;  the  other  far  beyond  our  finite  comprehension. 

3l2 
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ON  THE  NATURE  AND  ORIGIN  OF  THE  GRANITIC 

AND  SCHISTOSE  ROCKS. 

In  the  description  of  the  various  kinds  of  Cornish 
rocks^  and  of  their  structure,  it  may  have  been  ob- 
served that  the  division  into  stratified  and  nnstraH- 
Jied,  according  to  the  established  doctrine  of  the 
day,  has  not  been  adopted. 

The  principal  reason  for  this  dissent^  is  founded 
on  the  intimate  connection  which  subsists  between 
the  porphyries  and  other  compact  (unstratified) 
rocks,  and  the  slates  (stratified  rocks)  with  which 
they  are  associated :  both  of  which,  as  has  been 
repeatedly  shewn,  have  the  same  mineral  composi- 
tion, and  the  same  structure ;  occurring  respectively 
in  large  layers  or  beds,  which  mutually  coalesce  by 
a  gradual  alteration  in  their  mineral  characters.    On 

« 

these  grounds  the  terms  stratified  and  unstratified, 
which  imply  not  only  a  different  structure,  but  also 
a  dissimilar  mode  of  formation,  do  not  appear  to  be 
very  appropriate  to  the  rocks  of  Cornwall. 

De  la  Beche,*  although  he  has  followed  this  divi- 
sion of  rocks,  is  fully  sensible  of  its  objectionable 
character.  ^  The  minerals,"  he  observes,  ^  which 
compose  the  mass  of  these  (the  inferior)  stratified 
rocks  are  precisely  those  which  constitute  the  mass 
of  the  unstratified  rocks."  **  And  we  find  that  the 
same  elementary  substances  have  produced  the  same 
minerals  in  both,  the  only  difference  between  them, 
being  their  general  difference  of  arrangement  relsr 

*    Geological  Manual,  p.  465. 
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tively  to  each  other;  so  that  they  constitute  a 
stratified  compound  in  the  one  case^  and  not  in  ^he 
other."  '*  There  is  so  much  apparent  mineralogical 
resemhlance  between  these  two  classes  of  rocks^  that 
we  can  scarcely  refrain  from  conjecturing  the  remote 
origin  of  the  one  and  of  the  other,  to  be  in  some 
manner  connected^  modifying  circumstances  having 
impressed  certain  characters  on  each.*" 

Dr.  MaccuUoch,  on  the  other  hand,  who  has  re- 
corded numerous  and  important  facts  bearing  on 
this  subject,  strives  to  explain  the  intimate  connec- 
tion of  these  rocks,  in  order  to  disprove  their  iden- 
tity. For  instance,  in  the  case  of  granite  and  gneiss^ 
(which  in  composition  are  undoubtedly  similar,  and 
exhibit  mutual  transitions  into  each  other  more  dis- 
tinctly characterized  than  any  other  rocks,)  he  has 
remarked*  that  '^  the  granite  which  occurs  in  an  appa- 
rently regular  stratification  with  gneiss,  has  aided  in 
giving  rise  to  the  opinion  that  granite  is  a  stratified 
rock.**  But  this  does  *'  not  prove  the  stratification 
of  granite,  which  possesses  characters  not  to  be  mis- 
taken ;  while  on  considering  the  near  approach  to  a 
granitic  stratum  which  gneiss  so  often  undergoes,  it 
can  excite  no  surprise  to  find  the  foliated  disposition 
occasionally  disappear.**  This  Author  had  previously 
observed  f  in  the  description  of  granite,  that  *^  no 
instance  of  its  stratification  has  been  produced, 
notwithstanding  the  repeated  assertions  of  this  na- 
ture ;  nor  can  it  exist,  consistently  with  the  meaning 
of  that  term.    It  is  true,  that  beds  qf  gneiss  cannot 

*    SyBtem  of  Geology.    Vol.  II.  p.  149.        t    Idem.  p.  03. 
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sometimes  be  distinguished  from  granite;  but  these 
arq  only  extreme  cases  of  a  stratum  which,  in  gra- 
nitic gneiss,  'frequently  approaches  to  the  character 
of  granite.** 

Thus  it  appears  to  me,  that  much  ingenuity  is 
expended  to  prove  that  granite  is  not  granite,  but 
granitic  gneiss :  because,  if  the  origin  of  these  rocks 
were  admitted  to  be  identical,  it  would  overturn  the 
hypothetical  application  of  the  term  stratification. 

Although  Dr.  Macculloch  thus  attaches  little  im- 
portance to  mineralogical  transitions  between  the 
stratified  and  unstratified  rocks,  yet  between  the 
individuals  of  the  latter  class,  he  maintains  the  vali- 
dity of  the  inference,  that  rocks  passing  into  each 
other  are  identical :  for  the  transition  of  granite  and 
trap,  forms  the  last  step  in  his  proof  that  granite  is 
of  igneous  origin. 

On  similar  grounds,  as  those  which  indicate  that 
the  compact  rocks  and  the  slates  of  the  schistose 
group,  are  contemporaneous,  it  may  also  be  concluded 
that  the  granitic  and  schistose  groups  have  the  same 
composition,  and  are  of  coeval  formation. 

It  has  already  been  shewn  that  the  slate,  in  imme- 
diate contact  with  the  granite,  consists  of  a  compound 
basis  of  felspar  and  quartz,  united  with  mica,  or 
some  mineral  analogous  thereto ;  and,  that  it  gradu- 
ally becomes  harder  and  more  massive,  whilst  the 
granite  also  undergoes  a  corresponding  change, 
being,  generally,  finer  grained  and  more  compact, 
resembling  the  granite  of  veins :  thus  both  rocks,  in 
many  places,  insensibly  graduate  into  each  other ; 
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and  oftentimes  they  adhere  so  firmly  together^  that 
they  cannot  he  separated  without  much  violence. 

This  occurrence  is  not  peculiar  to  Cornwall^  al- 
though it  may  he^  perhaps^  more  advantageously 
studied  here  in  the  numerous  mines,  and  in  the  sec- 
tions on  the  sea-shore.  In  other  countries,  it  may 
be  often  seen  at  the  junction  of  granite  with  gneiss 
and  mica-slate ;  and  Dr.  MaccuUoch  mentions*  an 
instance  of  it  in  quartz-rock.  "  The  beds  of  this 
rock,**  he  says, ''  which  are  in  immediate  contact  with 
the  granite,  often  pass  into  it  by  insensible  degrees : 
and  it  is  not,  therefore,  surprising  that  it  should,  like 
the  mica-slate,  with  which  it  forms  but  one  great 
deposit,  undergo  analogous  changes,  when  it  approx- 
imates to  this  rock.  The  transition  is  more  easy 
since  many  varieties  of  quart-rock,  formed  of  felspar 
and  quartz,  in  varying  proportions,  with  occasional 
mixture  of  mica,  only  require  to  assume  that  crystal- 
line appearance,  to  become  undistinguishable  from  it.** 

The  intimate  relation  of  granite  and  slate,  is  also 
proved  indirectly,  by  the  passage  of  the  most  per- 
fect and  crystalline  kind  of  the  former  into  beds 
of  porphyry,  shorl-rock,  and  other  granitic  genera, 
by  which  it  is  traversed ;  and  which  also  occur  in  the 
slate,  exhibiting  the  same  mutual  connection.  Small 
concretions  and  patches,  resembling  the  various 
kinds  of  schistose  rocks,  are  often  found  in  the  gra- 
nite of  Cornwall :  and  an  interesting  occurrence  of 
this  nature  has  been  recorded  by  Mr.  Majendie,f 

*    Trans.  Geol.  Soc.  of  London.    Vol.  IV.  p.  368. 

t    Vol.  I.  p.  99. 


456  Dr.  Boasb,  en  the 

who  saw  at  the  Logan  Rock  the  large  crystals  of  the 
porphyritic  granite  penetrating  into  the  inhedded 
concretions  of  fine-grained  granite  and  of  shorl-rock. 

Thus  we  learn,  that  all  the  primary  rocks  of 
Cornwall,  even  including  the  granite,  are  of  similar 
composition,  and  probahlyof  contemporaneous  ori- 
gin :  and,  that  the  geological  law  of  Conybeare^^ 
already  noticed,  is  likewise  applicable  to  the  granite 
and  the  slate,  although,  perhaps,  its  author  did  not 
contemplate  its  extension  thereto. 

But  how  have  these  rocks  been  produced?  I 
should  have  avoided  this  topic  altogether,  as  being 
too  speculative,  but  I  cannot  refrain  from  stating  my 
dissent  ixqfxi  the  doctrine  of  the  igneous  origin  of 
granite,  which  has  been  so  generally  adopted,  that  it 
appears  to  be  regarded  as  an  established  theory. 
The  writings  of  the  most  eminent  geologists,  conti- 
nually make  mention  of  rocks  having  been  converted 
into  siliceous  schist,  and  otherwise  altered,  by  the 
contact  of  granite  and  trap  rocks,  whilst  in  a  state 
of  igneous  fusion :  such  hypothetical  language  must, 
I  think,  be  prejudicial  to  the  progress  of  this  science, 
by  teaching  the  student  to  regard  as  facts,  what  is 
only  matter  of  opinion ;  and  thus  preventing  a  deli- 
berate and  unbiassed  investigation  of  nature. 

It  is  proposed,  in  the  first  place,  to  state  briefly 
the  principal  objections  to  this  doctrine ;  and  then, 
to  endeavour  to  shew  that  the  validity  of  the  argu- 
ments, by  which  the  igneous  origin  of  granite  is 
supposed  to  have  been  proved,  may  be  disputed. 

*    See  page  S8&. 
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The  peculiar  condition  of  granite  and  slate,  at  their 
junction,  has,  in  the  preceding  pages,  been  considered 
as  the  connecting  link  of  the  chain  of  transitions,  by 
which  these  rocks  mutually  pass  into  each  other. 
In  confirmation  of  which,  it  may  be  stated,  that  these 
rocks  always  exhibit  an  intimate  relation  towards 
each  other,  which  could  not  be  expected  if  the  gra- 
nite were  an  independent  formation,  protruded  sub- 
sequently to  the  existence  of  the  schistose-rocks. — 
Thus,  when  the  granite  is  very  crystalline,  and 
contains  beds  of  felspar-porphyry,  the  adjacent  slate 
is  hard  and  felspathic,  (see  cornubianite)  and  also 
abounds  in  the  same  granitic  beds ;  when,  on  the 
other  hand,  the  granite  is  more  micaceous,  and 
contains  beds  of  eurite,  then  it  is  succeeded  by  a 
softer  slate  resembling  mica-schist ;  and  lastly,  when 
shorlaceous  granite  occurs  at  the  junction,  the  slate 
is  also  combined  with  shorl,  producing  a  rock  dis- 
tinct from  either  of  the  former  slates,  and  abounding 
in  shorl-rock,  as  does  also  the  shorlaceous  granite. 

It  may  be  farther  observed  that  the  various  beds 
of  granitic,  and  of  compact  rocks,  associated  and 
alternating  with  the  slate,  display  similar  phenomena 
at  their  junction  with  the  latter :  so  that,  if  all  these 
massive  (unstratified)  rocks  have  been  protruded  in 
a  state  of  fusion,  the  whole  of  Cornwall  must  have 
experienced  innumerable,  and  almost  contiguous, 
fractures  and  injections.  But  neither  these  mas« 
sive  rocks,  nor  the  slate,  exhibit  indications  of  such 
convulsions,  for  the  se€mis  of  the  layers,  of  both 
.rocks,  follow  their  peculiar  courses  in  a  regular 
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manner :— ^aild  indeed,  in  many  instances,  the  mMsiTe 
crystalline  rocks  are  fonnd  completely  insulated  ib 
the  slate,  and  ttce  ter^L 

It  has  heen  frequently  mentioned,  in  the  precedii^ 
pages,  that  tx>th  the  granite  and  the  8late,'in  contact 
with  the  lai'ge  quan^tz-veins,  are  sobject  to  the  same 
altered  appearance:  on  the  igneous  doctrine,  thetie 
veins  ought  also  to  be  referred  to  the  same  origin  as 
granite  and  trap ;  a  conclusion  rather  embarrassing, 
when  we  regard  the  endless  number  of  these  v^s, 
and  the  almost  infbsible  nature  of  quartz. 

If  I  mistake  not,  the  advocates  of  this  hypothesis 
have  brought  forward  as  a  proof  of  the  protrusion 
of  granite  from  beneath,  the  abundance  kA  metallife- 
rous veins  near  the  junction.  This,  however,  is 
only  endeavouring  to  make  one  conjecture  ^stabli^h 
another :  but  even  admitting,  for  the  sake  of  argu- 
ment, that  veind  were  originally  fissures,  we  shall  then 
see  that  instead  of  these  having  been  produced  by 
the  rupture  of  the  slate  during  the  elevation  of 
grdnite,  that  they  must  have  existed  antecedaft  to 
such  a  convulsion ;  'for  the  lai^est  (and  what  is  com- 
monly called  the  oldest)  veins  'are  tery  frequentiy 
found,  in  Cornwall,  to  continue  their  course  uniater* 
ruptedly,  through  both  the  granite  and  the  slate. 

Since,  therefore,  the  granite  could  not  have  been 
the  c&use  6f  the  fissures  in  Ae  slate,  having  been 
itself  equally  effected  thereby,  we  must  seareh  in  the 
slate  for  otber  maritis  of  this  supposed  convulsion. 
The  layers  of  this'  roc^,  however,  are,  next  the  gra- 
nite, regularly  incliued ;  and  not  uikfreqaently  at  less 
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aoigtes^  tibaA  when  remate  tbec^from.  And  lastly^  it 
must  nut  be  omitted  ta  mantion,  that  occasionally  a 
1>ed  of  gmnitic  rock,  forming  an  integrant  part  of  a 
central  mass  of  granite,  extends  beyond  the  bound* 
ary  thereof,  and  traverses  the  slate,  with  which  it 
experiences  the  same  transitions,  as  occur  at  the 
regular  junction  of  these  rocks,  • 

From  these  facts,  it  appears  to  be  a  justifiable  con- 
clusion, that  the  granite  has  not  been  protruded  from 
beneath,  through  previously  existing  beds  of  schist- 
ose rocks ;  but,  that  both  the  granite  and  the  slate 
have  one  eommoin  origin :  whether  this,  however,  be 
igneous  or  otherwise,  remains  to  be  ascertained. 

Dr.  MaccuUoch,  in  his  excellent  account  of  the 
granite  of  Aberdeenshire,  contends  for  the  igneous 
origin  of  this  rock ;  I  m&y  be  in  error,  but  it  appears 
to  me  that  the  deduetioos,  by  which  this  conclusion 
lias  been  arrived  at,  are  imperfect.  *  / 

It  cannot  be  denied  that  both  the  trap  and  the 
granite,  which  mutuaHy  pass  into  each  other,  have 
one  common  origin ;  but  it  does  not  follow  that  this 
origin  is  volcanic,  because  the  trap  perfectly  resem- 
bles some  kinds  of  lava :  nor  is  this  proved,  because 
in  the  furnace  these  substances  may  be  respectively 
converted  into  each  other,  and  also  be  reduced  to  their 
original  condition :  for  tiiis  fact  only  shews  that  the 
iava  and  the  trap  are  indestructible  by  fusion ;  and 
that  the  lava,  resembling  trap,  may  have  been  pro- 
4^ced  by  the  volcanic  fire  having  operated  on  rocks 
of  this  description. 

It  is  possible  indeed,  that  these  rocks  (trap  and 
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granite)  may  have  been  originally  formed  from 
fusion :  but  then  on  the  foregoing  conclusions,  all  the 
primary  rocks,  including  the  magnesian  and  other 
infusible  substances,  must  have  had  a  similar  origin. 
One  thing,  however,  is  evident  (reasoning  on 
analogy)  that  during  the  formation  of  the  crystalline 
rotks  of  this  class,  their  elements  must  have  had  a 
free  motion  amongst  themselves,  either  through  the 
agency  of  caloric,  or  some  other  cause.  And,  as  a 
central  cluster  of  crystals  is  formed  in  a  lamellar 
mass  of  bismuth,  on  slowly  cooling  from  a  state  effu- 
sion, so  in  like  manner,  might  the  primary  rocks  have 
been  produced :  the  repulsion  between  the  particles 
being  gradually  overcome  by  the  power  of  attraction, 
the  various  minerals  would  be  first  formed,  and  then 
united  in  different  proportions;  the  aggregation, 
probably,  commencing  at  the  groups  of  granite,  and 
from  these  central  points  extending  to  the  extreme 
parts  of  the  schistose  rocks.  But  we  have  now  ad- 
vanced beyond  the  bounds  of  legitimate  deductions : 
we  may  examine  the  composition  and  the  structure 
of  primary  rocks ;  and  by  carefully  observing  the 
changes  to  which  they  are  now  subject,  we  may  be 
able  to  account  for  many  of  the  revolutions  which 
they  have  undergone  through  the  influence  of 
secondary  causes ;  but  in  attempting  to  explain  the 
nature  of  their  origin,  we  endeavour,  I  think,  to 
pass  that  point,  so  common  in  all  the  works  of  the 
creation,  beyond  which  we  are  lost  in  vague,  though 
fascinating^  conjectures. 
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ON  THB  SECONDARY  OR  DERITATIVE  CLASS  OF 

CORNISH  ROCKS. 

To  complete  the  geological  account  of  Cornwall, 
it  only  remains  to  describe  this  class,  which  includes, 
besides  the  fragmentary  rocks,  the  alluvial  and  dilu- 
vial deposits. 

These  rocks  are  of  very  inconsiderable  extent, 
being  found  only  in  two  places :  one,  near  the  Nare 
at  the  entrance  into  Helford  Harbour ;  the  other,  at 
Caw  sand,  near  Mount  Edgcumbe.  The  rock,  at  the 
latter  place,  resembles  a  red  argillaceous  sandstone : 
whilst  at  the  former,  it  consists  almost  entirely  of 
greywacke,  including  a  conglomerate  of  rolled  pebbles 
which  sometimes  exceed  several  inches  in  diameter, 
and  are  composed  of  slate  traversed  by  quartz-veins, 
or  solely  of  quartz,  and  of  siliceous  varieties  of  slate, 
derived  from  the  harder  parts  of  the  adjoining  sti:ata, 
to  which  they  are  exactly  similar ;  the  basis  or  cement 
by  which  these  pebbles  are  united,  has  evidently 
proceeded  from  the  softer  parts  of  the  same  strata. 
The  nature  of  the  Cawsand  sandstone  is  not  so  easily 
decided  on,  but  it  appears  to  have  been  derived  from 
the  siliceous  particles  of  the  adjoining  slate,  and  from 
the  compact  rocks  that  are  imbedded  therein. 

It  is  worthy  of  remark,  that  these  rocks  are  both 
situated  on  the  sides  of  extensive  Harbours :  and, 
that  in  both  cases  their  component  parts  have  not 
been  transported  far  from  their  source ;  in  which 
respect  they  agree  with  some  of  the  diluvial  deposits 
which  line  the  Cornish  coasts,  and  a  portion  of  which 
has  been  partially  consolidated. 
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Thus  we  hare  a  repetition  of  the  same  phenome- 
non at  periods,  in  all  probability,  very  remote  from 
each  other ;  since  one  deposit  has  attained  a  degree 
of  solidity,  fully  equal,  and  in  some  cases  superior, 
to  that  of  the  parent  rocks :  and  another  circum* 
stance  regarding  these  rocks  of  Cawsand  and  Helford, 
must  not  be  omitted ;  viz.  that  their  internal  struc- 
ture is  similar  to  that  of  the  primary  rocks,  being 
divided,  by  parallel  joints,  into  distinct  layers  and 
masses.  This  occurrence,  in  rocks  of  decidedly 
mechanical  origin,  appears  at  first  very  perplexing ; 
since,  however,  the  same  cohesive  power  has  aggre- 
gated the  particles  of  both  kinds  of  rocks,  we  can 
conceive  that  a  similar  result  would  follow,  though 
effected  under  different  circumstances. 

The  geological  era  of  the  Cawsand  rock,  is  marked 
by  the  fossiliferous  limestone  of  Plymouth,  with 
which  it  is  associated,  and  which  belongs  to  the 
grauwacke  group  of  De  la  Beche :  the  rocks  of  Hel- 
ford probably  belong  to  the  same  formation,  but  they 
do  not  appear  to  contain  organic  remains. 

The  various  deposits  of  clay,  sand,  and  gravel,  that 
occupy  the  bottom  of  the  deep  valleys,  and  the  sides 
of  the  hills,  in  Cornwall,  form  a  very  interesting 
subject  for  enquiry.  It  is  evident  that  these  have 
ndt  been  produced  by  one  catastrophe,  for  they 
afford  records  of  several  distinct  convulsions  which, 
according  to  the  evidence  adduced  from  the  second- 
ary and  tertiary  rocks,  have  periodically  revolution- 
ized the  surface  of  the  earth. 

In  treating  this  subject,  it  appears  to  me,  th^t  tl^e 
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most  desirable  plan  is^  in  the  first  place,  to  ^examine 
the  changes  which  are  now  taking  place ;  and  then 
to  trace  back>  if  possible,  the  various  deposits,  be- 
ginning with  the  most  recent. 

The  mechanical  action  of  the  atmosphere  does 
not,  in  Cornwall,  effect  snch  important  changes,  as 
the  chemical.  Frost  sometimes  separates  and  throws 
down  the  laminae  of  the  schistose  rocks,  to  the  foot 
of  the  precipice;  high  winds  blow  loose  sand 
beyond  its  previous  limits,  so  as  to  overwhelm,  ocoa- 
sionally,  a  portion  of  the  adjoining  pastures ;  and 
heavy  rains,  in  flowing  over  the  steep  hills,  become 
cliarged  with  argillaceous  particles,  which  are  again 
deposited  at  lower  leyiQls:  but  neither  of  tthese 
causes  produce  much  alteration  in  ike  surface. 

Nor  are  the  operations  of  rivers,  in  this  county, 
of  any  moment ;  their  effects  are  confined,  in  a^great 
measure,  to  the  transport  of  eatthy  particles,  during 
the  rainy  seasons,  by  the  deposition  of  which  their 
beds,  near  the  eatuaries,  are  gradually  elevated: 
these  beds  of  alluvion  are  of  littie  extent,  but  it  is 
necessary  to  observe  their  nature,  because  ive  shall 
'have  occasion  to  notice  similar  depoits  belonging  to 
VDother  and  earlier  epoch,  and<  containii^  both  firesh 
water  and  marine  shells. 

QPbe'sea  4s  ^a  more  active  agent  of  destmctkbi ; 
^and  its  efieFowehment  on  these  shores  is  progressiTe, 
'teth'onithB««8Dd4ianks,'atthohead.of  the  bays^  and 
mkike diffs «f  sdHdrock. 

When  the  waves  attaok  the  banks  of  sand,  aad 
^f^'gmwei,  in 'open-^bays,  -the '  degraded  poctmi  is 
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removed  some  distance  from  the  shores;  but  in 
narrow  estuaries,  the  sand-banks,  thus  broken  down, 
are  levelled  over  the  whole  channel,  and  the  por- 
tion carried  sea-ward  is  accumulated  at  the  mouth 
in  the  form  of  a  bar  <  the  former  case  is  illustrated 
at  Mount's  Bay ;  the  latter  at  Hayle,  and  betweoi 
Par  and  St.  Blazey.  On  the  other  hand,  when  the 
sea  assails  the  solid  cliffs,  its  progress  is  more  or  less 
rapid,  according  to  the  nature  and  structure  of  the 
rock.  In  granite  and  other  massive  rocks,  it  first 
removes  the  softer  parts,  producing  caverns,  by 
which  the  mechanical  power  of  the  waves  is  in- 
creased: and  this  operation  proceeds  until  the 
adjoining  masses  are  thrown  down  and  separated  at 
the  joints  into  angular  blocks,  which,  by  subsequent 
attrition  are  rounded  into  bowlders,  and  form  a 
sloping  talus  at  the  foot  of  the  cliff.  In  schistose 
rocks,  much  depends  on  the  direction  in  which  the 
sea  carries  on  the  attack :  if  the  laminse  dip  towards 
the  sea,  the  cliff  is  generally  low,  and  the  slate  makes 
the  strongest  resistance  to  the  waves ;  but  if  the 
rock  inclines  in  an  opposite  direction,  the  sea  will 
gradually  undermine  the  cliff,  and  the  upper  part» 
deriving  support  from  the  overlapping  of  the  laminae, 
will  overhang  considerably  before  it  falls :  and  the 
destruction  in  this  case,  though  often  extensive,  is 
not  so  great  as  when  the  rock  is  breached  across  its 
layers,  where  it  is  divided  by  joints  nearly  perpen- 
dicular ;  as  in  the  instance  already  noticed  between 
St.  Agnes  and  Cligga  Point. 
Such  are  the  mechanical  effects  ^of  the  elements. 
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now  in  operation,  on  the  Cornish  rocks ;  hut  these, 
collectively,  do  not  produce  any  considerable  altera- 
tion in  the  form  of  the  country. 

I  will  not  detail  the  various  chemical  changes 
effected  by  the  direct  influence  of  the  atmosphere ; 
such  phenomena  have  been  often  described,  and  are 
well  understood.  But  I  must  repeat  what  I  have 
elsewhere*  stated,  that  the  decomposition  of  rocks 
IS  accelerated,  when  the  atmosphere  is  excluded  by 
a  covering  of  soil ;  and,  that  this  fact  may  be  thus 
accounted  for: — the  air  that  exists  in  rain-water, 
contains  a  larger  proportion  of  oxygen  than  the 
atmosphere,  and  is  brought  into  contact  with  the 
constituents  of  the  rocks,  in  a  condensed  liquid  form, 
a  condition  so  much  more  favourable  to  chemical 
action  than  the  gaseous  state,  that  it  might  be  ex- 
pected to  produce  a  greater  effect  than  the  direct 
operation  of  the  atmosphere. 

In  the  same  place  I  attempted  to  prove,  that  vege- 
tation, by  fixing  the  soil,  promotes  the  decay  of 
rocks :  this  is  at  variance  with  the  general  opinion 
which  ascribes  to  it  a  protecting  influence;  and 
appears  to  be  opposed  to  the  well  known  fact  that 
artificial  mounds  of  earth,  or  barrows,  have  not,  after 
the  lapse  of  two  thousand  years,  experienced  any 
material  alteration  of  form,  although  only  covered 
by  a  short  turf;  but  this  circumstance  only  proves 
that  the  loose  materials,  of  which  these  barrows  are 
formed,  have  been  effectually  protected  by  the  turf 
from  the  mechanical  action  of  wind  and  rain. 

•    Vol.  III.  p.  29.  et  seq. 
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This  decomposition  of  rocks,  though  slow  in  its 
progress,  and  in  a  great  measure  concealed  from 
view,  tends  eventually  to  produce  a  greater  alterar 
tion  on  the  surface  of  the  earth  than  any  other  cause, 
with  the  exception,  perhaps,  of  volcanic  fires :  far 
when  we  consider  that  all  rocks  are  more  or  leas 
disintegrated,  and  in  some  instances  to  a  depth  of  ma- 
ny fathoms,  it  is  easy  to  understand  the  effects  which 
would  be  produced  thereon  by  one  of  those  debacleM, 
which  have  periodically  visited  the  Earth. 

The  most  recent  of  these  catastrophes,  has  left 
traces  of  its  existence  in  almost  every  part  of  Corn- 
wall. The  diluvium,  thus  produced,  rests  on,  or 
near,  rocks  of  the  same  nature,  having  been  trans- 
ported, in  most  cases,  only  to  the  lower  part  of  the 
hill,  or  into  the  adjoining  valley ;  so  that  this  depo- 
sit gradually  diminishes  in  depth  towards  the  summit 
of  the  hills : — thus  the  granitic  debris  extends  over 
the  adjacent  slate,  without  being  blended  with  that 
of  the  latter  rock  which,  very  frequently,  has  not  been 
removed,  but  is  indigenous :  this  is  not  always  easy  to 
decide,  when  the  transported  debris  has  been  derived 
from  the  same  kind  of  rocks  as  the  indigenous.  If, 
however,  a  large  section  be  exposed,  the  veins  or 
harder  parts  will  be  seen  traversing  the  rock  and 
inferior  debris  in  a  regular  manner,  bat  terminating 
at  the  diluvium ;  and  in  low  situations  a  layer  of 
pebbles  or  of  sand  will  be  often  seen  interposed, 
which  removes  all  doubt  on  the  subject. 

From  these  circumstances  it  may  be  condudad 
that  the  power  by  which  this  diluvium  was  produced. 
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must  have  acted  not  only  generally,  but  suddenly, 
and  for  a  short  time ;  for  if  the  debris  had  experi- 
enced a  distant  transportation,  the  earthy  and  stony 
substances,  which  are  intermixed  together,  would 
have  been  separated  from  each  other,  and  deposited 
according  to  their  specific  gravities. 

This  most  recent  diluvium  generally  reposes  on 
the  solid  or  disintegrated  rock;  but  sometimes 
it  covers  older  deposits  of  diluvium,  which  differ 
very  materially  from  thpse  just  described :  the  fine 
and  coarse  parts  o(  the  latter  have  been  separated 
into  beds  of  clay,  sand,  gravel,  and  bowlders ;  the 
harder  parts  are  more  or  less  rounded  according  to 
their  situation,  some  being  more  removed  from  the 
parent  rocks,  and  others  having  evidently  been  sub- 
jected to  the  action  of  the  waves,  subsequently  to 
,  their  formation ;  sometimes  these  deposits  are  homo- 
geneous, but  more  commonly  they  have  been  derived 
from  various  kinds  of  rocks. 

Hence  it  may  be  concluded  that  this  diluvium  was 
produced  by  a  more  powerful  debacle  than  the  first. 
Some  of  its  beds  exhibit  marks  of  having  once  ex- 
isted under  the  sea^  but  they  are  now  elevated  above 
high  water-mark :  indeed  this  occurrence  is  frequent- 
ly met  with  on  the  Cornish  coast,  and  has  also  been 
observed  at  Plymouth  and  Torbay,  and  has  been 
eonstdered  to  be  an  ancient  beach.  The  layers  of 
granitic  pebbles  and  bowlders,  in  the  cliffs  of  the 
Land's  End  district,  (which  have  been  minutely 
described  by  Mr.  Carne^)  often  occur  far  above  the 
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sea,  and  belong  to  a  beach  of  the  same  description. 

It  IS  not  easy  to  ascertain  the  maximum  height  of 
this  ancient  beach,  it  probably  exceeded  fifty  feet, 
and  from  this  point  sloped  gradually  down  beneath 
the  sea,  in  the  same  manner  as  the  present  shore. 
Thus  also  the  beds  of  gravel  and  sand  at  Fistral  and 
Gerrans  Bay,  and  elsewhere,  exhibit  the  same  phe- 
nomena, the  lower  part  of  these  sometimes  touching 
the  waves;  and  at  others,  appearing  in  the  cliifs 
resting  on  the  rock,  far  above  the  present  sea-leveL 

These  facts  appear  to  prove,  that  many  of  this 
series  of  diluvial  beds  were  once  submerged :  and  if 
so,  this  circumstance  will  account  for  the  different 
appearance  of  these  deposits  and  others  far  inland, 
which  I  am  inclined  to  refer  to  one  common  origin. 

The  conglomerates,  and  sandstones,  so  common  on 
these  coasts,  belong  to  this  formation :  and  are  there- 
fore older  than  the  beds  of  transported  debris,  which 
have  been  attributed  to  the  action  of  the  most  recent 
dehaele.  I  lay  some  stress  on  this  assertion,  because 
these  recent  rocks  have  been  quoted,  both  by  De  la 
Beche  and  Lyall,  as  sand-beds,  now  in  the  course  of 
production  and  consolidation :  and  as  their  remarks 
apply  only  to  the  calcareous  or  testaceous  sandstone^ 
I  will  endeavour  to  explain  the  state  of  the  case. 

On  the  northern  shore  are  considerable  sand-banks> 
consisting  principally  of  comminuted  shells :  these 
banks  are  confined  to  the  mouths  of  rivers,  the 
upper  part  of  bays,  and  other  inlets  of  the  sea. 
From  these  places,  the  loose  sand  has  been  carried 
by  the  wind  inland,  so  as  to  cover  even  the  adjacent 
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hills :  forming  drifted  sand-banks,  which  may  indeed 
be  considered  as  alluvial  beds,  produced  by  causes 
now  in  action ;  but  the  original  banks  are  not  of  this 
nature,  any  more  than  the  diluvial  gravel,  at  the  bot- 
tom of  some  rivers,  is  of  the  same  origin  as  the 
superincumbent  mud  or  silt.  It  is  the  diluvial 
deposit  of  pebbles  and  sand,  (  produced  by  the  second 
debacle,  now  under  consideration)  that  is  occasionally 
consolidated,  and  not  the  "  sands  transported  from 
the  beach  into  the  interior,"  as  stated  by  De  la 
Beche.*  Natural  sections  in  the  cliffs  at  Godrevy 
Point,  and  in  several  parts  of  Fistral  Bay,  clearly 
demonstrate  this  assertion : — on  the  rock  (above  high 
water-mark)  rests  a  bed  of  pebbles,  and  above  this 
another  of  testaceous  sand,  then  follows  a  deposit 
of  more  recent  diluvium  ( that  is,  of  transported,  but 
unaltered  debris,)  which  is  covered  by  turf,  and  above 
all  is  a  layer  of  drifted  sand. 

Thus  far  it  has  been  seen  that  Cornwall  has  been 
visited  by  two  debacles : — by  the  ultimate  one,  the 
disintegrated  parts  of  the  rocks  were  not  carried  far 
from  their  native  spots;  but  by  the  penultimate 
debacle,  the  debris  was  transported  to  a  greater  dis- 
tance, and  deposited  in  deep  valleys  and  in  low  levels, 
where  they  have  been  subject  to  the  action  of  the 
waves,  to  the  height  of  about  fifty  feet  above  the 
present  sea,  as  indicated  by  their  being  converted 
into  gravel  and  sand ;  whilst  at  higher  levels,  they 
have  supported  vegetation,  and  been  liable  to  the 
same  atmospheric  changes,  as  the  present  surface. 

*    Geological  Manual,  p.  77. 
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The  eonditian  of  Cornwall  during  the  period  im- 
mediately  preceding  the  penultimate  debacle  must 
have  been  very  different  from  what  it  was  after  this 
catastrophe :  for  the  sea  instead  of  then  being  fifty 
feet  above,  was  more  than  this  beneath,  its  present 
level;  as  is  proved  by  the  subterranean  forestSf 
which  in  several  streanMooris  have  been  found  at 
this  depth.  Some  may  be  of  opinion  that  these 
remains  were  derived  from  rafts,,  such  as  those  of 
America,  described  by  Capt.  HaU :  it  may,  however, 
be  observed  that  in  Mount's  Bay,  at  Pentewan, 
and  elsewhere,  some  trunks  of  trees  have  been  found 
in  the  vegetable  bed,  in  a  natural  position,  with  the 
roots  descending  ten  feet,  or  more,  into  the  diluvial 
stratum  beneath;* — and,  moreover,  these  remains 
are  not  confined  to  the  shore,  but  wherever  the 
deposits  of  the  penultimate  debacle  occur  in  the 
upland  valleys  far  from  the  sea,  they  are  always 
found  resting  on  a  black  stratum  composed  of  trees, 
plants,  and  other  vegetable  remains. 

This  appears  then  to  establish  the  fact,  that  when 
Cornwall  was  overwhelmed  by  the  penultimate  ifeia- 
ele,  the  valleys,  low  grounds,  and  other  sheltered 
spots  favourable  to  the  growth  of  wood,  were  cover- 
ed by  forests :  thus  also  shewing  that  a  considerable 
period  must  have  elapsed  between  their  destruction, 
and  the  origin  of  the  strata,  on  which  they  grew. 

We  have  now  arrived  at  the  deposit  of  the  ofUe- 
pemdtimate  epoch,  the  period  of  the  earliest  debacle 
of  which  any  traces  have  been  hitherto  detected  la 

*    See  Mr.  Colemo's  paper  on  Pentaan  Stream  Work. 
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Cornwall^  if  we  except  the  conglomerates  and  sand- 
stones coeval  with  the  Plymouth  limestones.  This 
deposit  consists  for  the  most  part  of  pebbles,  bowl- 
ders and  fragments  of  all  the  rocks  that  occur  in  the 
space  intervening  between  it  and  the  central  ridge  of 
granite :  earthy  substances,  and  clay  in  small  quan- 
tities, are  also  intermixed  therewith,  but  these  have 
probably  been  derived  from  the  subsequent  decom- 
position of  some  fragments  of  rock :  this  deposit  is 
also  characterized  by  its  containing  a  large  quantity 
of  tin-ore;  on  which  account  it  has  been  exten- 
sively explored,  and  has  thus  been  instrumental  in 
unfolding  much  curious  information,  which  would 
have  otherwise  been  undiscovered. 

The  debacle  of  this  epoch  appears  to  have  been 
more  powerful  than  either  of  the  former,  because  it 
has  removed  heavy  bodies  farther  from  their  source, 
and  has  swept  the  finer  parts  of  the  decomposed  rocks 
far  beyond  the  limits  of  the  present  land.  We  have 
thus  seen  that  the  power  of  these  periodical  dehadee^ 
like  that  of  volcanic  fires,  has  been  successivly  di- 
minishing in  energy :  so  that  the  superior  violence 
of  the  earlier  catastrophes  probably  swept  away  all 
vestiges  of  the  older  series  of  debris  far  beyond  the 
Cornish  shores ;  and  this  may  explain  why  countries 
which  have  a  wider  range,  or  are  more  distant  from 
the  central  masses  of  primary  rocks,  possess  diluvial 
beds  more  ancient  than  the  stanniferous  deposits. 

Now  let  us  consider  whether  these  deductions  will 
account  for  the  phenomena  of  this  lowest  and  oldest 
deposit,  commonly  called  slreanMvorks. 
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The  gravel  containing  the  tin-ore  (the  tin-graunel) 
rests  either  on  the  solid  rock,  or  on  indigenous  debris 
produced  subsequently  to  the  deposition  of  the  dilu- 
vium :  and  the  tin-ground,  with  very  few  exceptions, 
is  covered  by  a  stratum  of  black  vegetable  remains. 
Thus  far  the  phenomena  are  common  to  all  the  prin- 
cipal stream-works:  viz.  a  diluvial  bed  derived  from 
the  debris  of  rocks  which  intervene  between  it  and 
the  central  ridge  of  granite ;  and  the  remains  of 
vegetation  with  which  the  diluvial  mass  appears  to 
have  been  generally  clothed.  We  find  that  these  re- 
mains, in  the  stream-works,  are  buried  under  another 
diluvial  deposit  :*  in  those  that  are  far  inland,  the 
fine  and  coarse  diluvium  are  intermixed,  are  not  much 
rounded  by  attrition,  and  are  often  inferior  to  another 
bed  of  vegetable  remains ;  whilst  near  the  sea-shore, 
this  diluvium  is  often  separated  into  beds  of  rounded 
gravel  and  of  sand,  contains  marine  remains,  shew- 
ing that  it  was  once  submerged,  and  lastly,  it  is 
covered  by  a  deep  deposit  of  silt,  interstratified  with 
layers  of  river  and  marine  shells,  and  promiscuously 
mingled  with  the  bones  of  land  animals,  and  the 
trunks  of  trees ;  in  short,  with  various  substances 
such  as  commonly  occur  in  estuaries.  This  fact  is 
confirmed  by  the  ancient  beach  which  corresponds 
with  the  deposit ;  thus  indicating  a  rise  in  the  sea- 
level  of  more  than  one  hundred  feet ;  i.  e.  from  fifty 
below,  to  fifty  above,  high  water-mark. 

*  This  diluTium,  in  some  stream-works  situated  on  the  granite  near  die 
highest  hills,  rests  on  the  rock  and  forms  the  iU-grotaid :  the  reason  of  the 
oldest  diluTium  being  wanting,  appears  to  be  owing  to  the  violence  of  the  fonn- 
er  debacle  having  swept  the  deMs  farther  off,  leaving  behind  only  blocks  and 
loose  masses  of  granite. 
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Lastly,  above  all  the  preceding  beds,  we  find  ano- 
ther deposit  of  transported  debris,  which  is  some- 
times very  deep,  but  is  frequently  very  shallow,  or 
even  altogether  wanting :  these  variations,  however, 
are  readily  explained  by  the  situation  of  the  stream- 
works,  and  the  knowledge  that  this  diluvium  has  not 
been  transported  far  from  the  parent  rocks.  This 
deposit  must  have  been  accompanied,  or  succeeded, 
by  a  fall  in  the  sea-level,  or  by  an  elevation  of  the 
land,  for  several  marine  beds  of  sand  and  gravel,  be- 
longing to  the  preceding  diluvium,  are  now  situated 
fifty  feet  above  the  sea. 

Almost  all  the  diluvial  deposits  individually  fur- 
nish many  interesting  particulars ;  but  I  must  defer 
this  subject  for  the  present,  as  it  would  very  con- 
siderably augment  this  communication,  which  has 
already  extended  to  a  much  greater  length  than 
I  had  anticipated. 


Before  concluding,  I  feel  myself  called  upon  again 
to  apologize  for  the  numerous  innovations  which  I 
have  ventured  to  propose,  in  the  preceding  pages. 
As  regards  the  new  names  of  rocks,  I  have  no 
expectation  that  they  will  be  generally  adopted: 
indeed,  I  merely  used  them  to  point  out,  in  a  more 
marked  manner,  those  rocks  which  appeared  to  me 
to  form  distinct  genera,  not  altogether  undescribed, 
but  which  have  not  hitherto  been  accurately  discri- 
minated.   Should,  however,  any  of  the  deductions, 
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by  which  I  have  endeavoured  to  disprove  some 
received  doctrines^  he  admitted  bj  geologists,  I 
shall  feel  gratified  by  such  a  token  of  the  approba-^ 
tion  of  my  labours :  but  concerning  the  fate  of  my 
hypothetical  views,  I  have  no  anxiety ;  so  deeply 
am  I  impressed  with  a  conviction,  that  all  the 
existing  geological  opinions  must  successively  yield 
to  others,  as  we  become  better  acquainted  with  the 
Earth's  structure. 

This  progressive  advance  of  our  Science  must  be 
step  by  step,  by  facts  accumulated  in  all  parts  of  the 
world :  and  I  shall,  therefore,  be  amply  compensated 
for  all  my  toil,  if,  in  promotion  of  this  great  object, 
I  have  made  some  coi^tributions  towards  a  know- 
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Since  the  foregoing  pages  were  printed,  I  iiave  seen,  in  the  Moaeiiin  of  the 
Geological  Society,  the  foBBiliferous  Blatea  from  Snowdonand  Tintageiy  and 
fonnd  that  I  was  mistaken  in  supposing  that  these  specimens  were  not  aceii- 
rately  depicted  in  their  Transactions.  These  shell-like  impressions  are  for  the 
most  part  concave,  whereas  all  those  which  I  had  previonsly  seen  are  convex ; 
but  this  is  not  the  only  difference,  for  the  rocks  in  which  Chey  respectively 
occur,  are  dissimilar : — the  rock  with  the  convex  impressions,  is  cmmecled 
with  the  Delabole  roofing  slate,  whereas  that  with  Che  concave,  appears  to 
belong  to  the  series  of  shale  containing  layers  of  a  carbonaceous  mineral.  I 
cannot,  however,  assert  that  this  is  positively  the  fact  It  is  my  Intentiao  to 
revisit  Tintagel,  and  I  will  endeavour  to  obtain  more  satis&ctory  infonnatioa 
on  this  interesting  subject. 


XIIL — Some  account  of  the  soft  Growan  at  the  Beam 
mine,  in  the  Parish  of  Roche,  and  at  Carclaze  mine, 
in  the  Parish  of  St.  A  ustle. 

By  JOHN  HAWKINS,  Esq.  F.R.S,  &c. 

VIOB  PRRSIDENT  OF  THE  80G1ETT. 

<Read  October,  1830.) 


In  the  Memoir,  which  I  communicated  last  year  to 
this  Society,  on  the  subject  of  the  china-clay  pits,  I 
hazarded  an  opinion  on  the  nature  and  formation  of 
the  soft  growan,  which  being  perfectly  new  in  the 
history  of  geological  science  in  this  country,  may  be 
thought  by  some  to  be  premature,  and  by  others, 
perhaps,  unwarranted.  My  communication,  however, 
had  scarcely  been  read,  before  I  received  the  infor* 
mation  of  a  fact  which  very  strikingly  corroborated 
the  opinion  which  I  had  formed,  namely,  that  at  the 
Beam  mine,  in  the  Parish  of  Roche,  the  works  are 
actually  sunk  alternately  through  the  hard  and  soft 
growan,  greatly  to  the  annoyance  of  the  miners,  who 
are  obliged  to  use  a  great  quantity  of  timber  to  keep 
open  their  shafts  and  levels,  and  even  to  caulk  the 
apertures,  to  prevent  a  deluge  of  white  clay  from 
interrupting  their  labours. 
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I  have  lately  availed  myself  of  an  opportunity  of 
visiting  this  singular  mine,  where  I  found  this  infor- 
mation confirmed  for  the  most  part  by  the  evidence 
of  the  mining  captains,  from  whom  I  collected  the 
following  particulars. 

I  must  previously  observe  that  the  Beam  mine  is 
situated  on  the  eastern  flanks  of  Hensborougb,  one 
of  the  highest  hills  in  this  county ;  and  that  the 
surface  of  this  hill  is  principally  composed  of  soft 
growan,  for  the  clay-pits  lie  scattered  over  it  iu 
every  direction.  In  some  of  these  pits  I  observed 
the  small  shorlaceous  tin-lodes,  which  so  peculiarly 
belong  to  the  Cornish  granite,  most  of  which,  in 
consequence  of  the  facilities  afforded  by  the  soft 
nature  of  the  rock,  appear  to  have  been  worked  at 
an  early  period.  All  these  lodes  run  nearly  in  the 
same  direction :  those  at  the  Beam  mine  south-west 
by  west,  by  the  compass. 

Four  of  these  parallel  lodes  occur  here  at  a  short 
distance  from  each  other,  underlying  at  an  angle  of 
45^  to  the  north.  Like  all  the  veins  which  traverse 
these  hills,  they  are  composed  of  quartz  and  shorl, 
carrying  more  or  less  tin,  which  substances  are  so 
united  with  the  soft  and  hard  growan,  that  not  a 
doubt  can  be  entertained  of  their  contemporaneous 
formation.  These,  which  may  with  more  propriety 
be  denominated  veins  than  lodes,  are  usually  very 
small  and  solid,  and  they  are  not  dislocated  or 
disordered  as  they  pass  through  the  soft  growan^ 
although  in  such  situations  they  are  observed  to  be 
l>igger>  and  more  productive  of  tin.    There  is  one 
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cross  course  here,  which  heaves  the  lodes  from  three 
to  five  feet  to  the  north ;  hut  there  are  no  slides.  I 
have  since  procured  from  one  of  the  captains  of  this 
mine  three  well  drawn  transverse  sections  of  the 
four  lodes,  represented  at  three  different  points  of 
the  workings,  and  in  these  sections  have  been  marked 
at  my  particular  request  the  respective  positions  of 
the  hard  and  the  soft  growan. 

It  appears  from  these  sections  that  the  hard  growan 
occurs  no  where  in  the  upper  levels  of  the  mine,  and 
that  it  occupies  a  small  portion  only  of  the  lower ; 
that  it  alternates  with  the  soft  growan ;  that  it  is 
not  always  found  at  corresponding  levels ;  and  that, 
in  some  instances,  it  terminates  abruptly  in  a  line 
which  corresponds  with  the  underlie  of  these  veins. 

These  sections  are  the  more  interesting,  because 
the  mine,  in  consequence  of  its  poverty,  is  now  on 
the  point  of  being  abandoned. 

In  the  course  of  the  same  day  that  I  visited  the 
Beam  mine,  I  had  an  opportunity  of  examining 
several  clay-pits,  which  I  had  not  before  seen,  on  the 
western  as  well  as  the  eastern  sides  of  Hensborough, 
and  on  the  hills  of  St.  Mewan,  all  of  which  present 
the  same  phenomena  which  I  had  before  noticed ; 
and  all  of  which  I  regard  as  strongly  corroborative  of 
the  opinion  I  had  formed.  But  the  most  striking  evi- 
dence of  the  aboriginal  existence  of  the  soft  growan  is 
perhaps  that  which  is  displayed  by  the  celebrated 
excavation  at  Carclaze,  in  the  Parish  of  St  Austle, 
which  I  have  recently  examined.  The  extent  of 
ground  which  is  laid  open  here  to  the  depth  of 
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twenty-three  fathoms  is  not  less  than  six  acres,  and 
it  is  almost  wholly  composed  of  soft  growan,  through 
which  runs  a  numerous  assemblage  of  shorl  and 
quartz  lodes  in  the  usual  direction.  These,  as  they 
carry  tin,  are  the  sole  objects  of  mining  adventure, 
and  the  removal  of  the  soft  growan  is  effected  by  a 
stream  of  water  which  conveys  all  the  refuse  of  the 
mine  through  the  adit.  1  believe  there  is  no  other 
instance  of  a  mine  so  worked,  or  of  a  mine,  the 
working  of  which  is  attended  with  so  little  labour. 

In  respect  to  the  lodes  or  veins  which  are  so 
numerous  here,  this  mine  would  be  called  by  the 
Germans,  a  stock-work,  but  as  far  as  regards  the  soft 
growan  which  contains  these  veins,  it  may  not  im- 
properly be  called  a  clay-pit.  As  for  the  composition 
of  its  mass,  this  growan  exhibits  no  marks  of  sede- 
mentary  or  of  stratified  divisions,  and  if  we  direct 
our  attention  to  the  arrangement  or  distribution  of 
its  constituent  parts,  it  differs  in  no  respect  from  the 
hard  growan.  In  sl^ort,  there  are  no  traces  of  any 
change  or  disturbance,'  and  every  part  of  the  mass 
seems  to  be  in  the  same  state  of  induration ;  the  lodes 
too  which  traverse  it,  bear,  like  the  same  lodes  in  the 
Beam  mine,  no  marks  of  either  dislocation  or  dis- 
placement, and  moreover,  so  compact  is  the  mass  of 
this  soft  rock,  that  I  conceive  it  hardly  possible  for  any 
rain  to  penetrate  through  it,  without  which  it  is  diffi- 
cult to  support  the  hypothesis  of  a  decomposition. 

The  following  particulars  respecting  the  hard  and 
soft  growan  of  the  Beam  mine,  I  have  since  pro- 
cured from  Captain  Samuel  Robins. 
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There  is  no  reason  whatever  to  believe  that  any 
water  can  filter  through  the  soft  growan.  It  is  only 
when  we  meet  with  a  lode  or  a  cross  course^  that  we 
meet  with  any  water.  We  have  sunk  from  ten  to 
fifteen  fathoms  through  the  soft  growan  without 
meeting  with  any  water,  and  were  it  not  for  the  lodes 
or  cross  courses  we  should  find  none.  As  a  proof 
that  the  water  proceeds  wholly  from  the  lodes  and 
cross  courses,  it  is  first  perceivable  in  the  growan  on 
that  side  of  the  lode  which  is  first  cut.  Upon  the 
whole  we  have  not  half  so  much  water  as  is  usually 
found  in  a  killas  country. 

Whenever  we  meet  with  a  lode,  or  even  a  small 
branch  of  one,  we  have  water,  more  or  less  accord- 
ing to  circumstances,  the  large  hollow  lodes  carrying 
more  water  than  the  small  or  solid  ones. 

The  mass  of  soft  growan  cannot  be  called  dry ; 
neither  is  it  moist ;  but  it  is  every  where  much  in 
the  same  state  as  it  is  Aear  the  surface,  a  litde  damp. 

The  running  of  the  white  clay  which  obliges  the 
miners  to  caulk  all  the  boards  of  the  shafts  with 
heath,  sedge,  grass  and  moss,  is  occasioned  by  the 
water  which  is  brought  down  by  the  lodes  and  courses. 

There  is  not  much  ilifference  in  the  quality  of  the 
soft  ground,  except  near  the  lodes  and  cross  courses, 
where  it  is  much  softer :  this  softness  is  perceivable 
at  the  distance  of  three  or  four  fathoms  from  the 
lode  on  either  side,  and  indicates  to  the  miners  the 
vicinity  of  a  lode  or  cross  course.  In  no  other 
case  does  this  ground  vary  in  hardness,  except  where 
it  changes  almost  at  once  to  a  hard  rock.    It  is 
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worked  by  the  pick  and  shovel,  and  at  the  same  cost. 
The  hard  growan,  however,  varies  extremely  in  its 
hardness : — some  portions  of  it  cost  £  60  per  fathom 
working :  others  not  more  than  £  20 ;  but  in  respect 
to  its  composition,  it  is  perfectly  like  the  soft  growan. 
Some  of  the  hard  growan,  which  has  cost  £  30  per 
fathom,  after  being  exposed  for  a  few  months  to  the 
weather,  has  dissolved  completely  into  a  soft  growan. 

The  soft  growan  is  no  where  hard  enough  to 
support  itself. 

The  hard  growan  is  joiated  in  all  directions. 
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1. — Notice  of  Wood  a?id  Peat  Jbund  below  high 
water-mark  on  the  beach  at  Mainporth,  in  CornwalL 


Communicated  by 

The  Rev.  JOHN  ROGERS. 


Xhb  piece  of  oak  and  the  peat  which  accompany 
this  communication  are  from  Mainporth  beach,  which 
divides  the  parishes  of  Budock'  and  Mawnan.  The 
oak  is  part  of  a  stump,  standing  about  a  foot  abore 
the  level  of  the  sand,  apparently  in  the  place  where 
it  grew.  It  is  just  one  hundred  yards  below  high 
water-mark.  On  further  examination  I  found  the 
root  of  an  oak  laid  bare,  thirty  yards  below  the 
stump :  and  at  a  spade's  depth  below  the  surface  of 
the  sand.  Immediately  adjoining  the  roots  of  oak,  is 
the  peat ;  I  could  trace  the  root  extending  about  seven 
feet  horizontally.  The  peat  was  evidently  formed  in 
marshy  ground,  and  contains,  I  think,  the  leaves  and 
roots  of  the  iris  pseudacorus — the  common  yellow 
flag,  which  grows  in  the  adjoining  marsh.  I  was 
informed  by  a    respectable   neighbouring  farmer, 

VOL.  IV.  3  p 


0 


482  NOTICES. 

that  he  has  seen  the  roots  of  oak  and  withy  full 
thirty  yards  below  the  last  mentioned  oak ;  and  I 
have  often,  after  a  storm,  seen  pieces  of  peat,  washed 
in  on  the  beach.  In  the  first  volume  of  our  Trans- 
actions, page  236,  a  similar  discovery  is  mentioned, 
made  at  Porthleaven.  Soon  after  the  sand-bank  had 
been  removed,  to  form  the  present  harbour,  I  there 
observed,  a  little  above  low  water-mark,  several 
stumps  of  oaks  and  willows,  with  their  roots  extend- 
ing through  the  mud  which  rested  on  the  solid  killas 
rock.  Supposing  these  oaks  and  willows,  when  dis- 
covered, to  have  occupied  the  situation  in  which  they 
grew,  (which  there  is  every  reason  to  believe)  their 
situation  so  far  below  the  high  water-mark  must,  I 
think,  be  attributed  to  one  of  the  following  causes : 
either  a  subsidence  of  the  soil  in  which  they  gtew 
must  have  taken  place;  or  the  trees  must  have 
grown  in  ground  lower  than  the  level  of  the  sea,  and 
protected  from  its  aggressions,  like  the  low  lands  of 
Hdland,  by  a  natural  or  artificial  embankment ;  or 
the  level  of  the  sea  must  oow  be  higher  than  it  was 
when  the  oaks  and  willows  grew  in  their  native  soil. 
The  second  supposition  is  the  least  probable  of  the 
the  three.  The  subsidence  of  the  soil,  has  been  a 
favourite  theory  to  account  for  the  situation  of  the 
roots  and  trimks  ctf  oaks  deeply  imbedded  in  the 
sands  of  the  Mount's  Bay.  But  it  is  only  by  colleet- 
ing  and  comparing  a  variety  of  facts  that  we  can 
advance  safely  towards  a  rational  and  probable 
theory.  Cornwall  is  not  a  county  which  has  ever, 
as  far  as  we  know,  been  subject  to  volcanic  action. 
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An  extensive  subsidence  of  the  soil  is^  therefore,  not 
probable,  a  priori:  nor  is  there  any  thing  of  the 
kind  known  to  have  happened.  The  two  bays^  Main* 
porth  and  Porthleaven,  are  bounded  by  killas  rock, 
in  which  there  is  no  appearance  of  subsidence  or 
dislocation :  and  at  Porthleaven  the  roots  were  im- 
bedded in  clay,  resting  on  the  solid  rock.    It  would 
be  rash  to  assume,  on  the  evidence  of  these  three 
facts,  that  the  sea  has  risen  above  its  ancient  level : 
but  this  appears  to  me,  at  present,  the  most  probable 
hypothesis.    In  a  county  so  abounding  with  bays 
and  harbours,  similar  facts  might,  perhaps,  be  col- 
lected, and  particular  circumstances  might  be  detailed 
with  such  accuracy  as  might  lead  to  some  general 
result.     It  would  be  important  to  ascertain,  for 
instance,  1st.  whether  the  stumps  and  roots  are  in 
the  situation  in  which  they  originally  grew : — 2nd. 
at  what  distance  they  are  situated,  both  in  length, 
and  in  perpendicular  depth,  from  the  ordinary  high 
water-mark : — 3rd.  whether  accompanied  by  peat ; 
and  if  so,  of  what  leaves,  roots,  and  other  vegetable 
substances  the  peat  appears  to  be  composed :  and 
4th.  whether  any  marks  of  subsidence  are  discernible ; 
and  whether  any  tradition  exists  of  such  having 
taken  place.    A  collection  of  such  fitcts,  compared 
with  similar  instances  on  other  coasts,  would  furnish 
an  interesting  subject  of  investigation,  and  would 
tend  to  the  promotion  of  that  science  which  it  is 
the  object  your  Society  to  cultivate. 
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2. — Notice  of  Pseudamorphoug  crystals  of  oxide  of 
tin,  found  in  Huel  Coates  mine,  in  St.  Agnes,  in 
the  year  1828. 

CtMDBiiuiicaCed  by 

STEPHEN  DAVEY,  Esq. 


Huel  Coates  is  an  ancient  tin-mine,  situated  about 
three  hundred  fathoms  north-west  of  St.  Agnes 
Beacon.  The  adit  level  is  about  fifty-five  fathoms 
below  the  surface,  and  five  fathoms  above  high  water- 
mark. The  mine  has  never  been  worked  more  than 
a  few  feet  below  this  level. 

The  crystals  in  question  were  discovered  in  a 
small  vein  (composed  principally  of  light  red  sand) 
whose  usual  width  is  not  more  than  three  inches ;  but 
just  at  this  spot  it  becomes  enlarged  to  twelve  inches : 
they  were  first  discovered  about  three  fathoms  above 
the  adit,  and  continued  in  the  vein  to  the  height  of 
six  fathoms,  and  for  two  or  three  fathoms  in  length ; 
here  the  small  vein  was  intersected  by  a  large  one, 
about  three  feet  wide,  (composed  of  ire-stone  and 
sand,  underlying  northward  about  three  feet  in  the 
fathom)  which  heaved  it ;  and,  as  the  mine  has  not 
since  been  much  explored,  the  vein  containing  the 
tin  crystals  has  not  been  discovered  on  the  other 
side  of  the  larger  vein. 
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The  crystals  have  generally  the  usual  form  of 
felspar  crystals :  the  most  common  is  that  of  a  flat- 
tened rhomboid  with  the  angles  deeply  replaced; 
they  frequently  cross  and  overlap  each  other.  The 
quantity  of  tin  contained  in  them  varies  greatly, 
some  containing  only  ten,  and  others  as  much  as 
seventy-five  per  cent.  Many  appear  as  if  they  had 
been  broken,  and  the  pieces  afterwards  cemented 
together  by  minute  crystals  of  tin. 

The  crystals  first  found  were  small  and  imperfect; 
but  they  increased  in  size,  and  became  better  defined 
as  they  approached  the  centre  of  the  bunch ;  but 
from  this  point  a  gradual  decline  took  place,  until 
they  nearly  corresponded  with  those  first  discovered. 

The  veins  or  lodes  of  Huel  Coates  are  in  soft  or 
decomposed  granite  or  elvan.  In  this  substance 
similar  crystals  of  a  kind  of  sandstone  have  been 
found,  containing  no  tin:  these  occurred  on  the 
north  of  the  small  vein,  for  the  space  of  two  feet  in 
width,  and  fifty  fathoms  in  length. 


3, — Notice  of  same  Records  having  reference  to  the 
commencement  of  Copper  Mining  in  Cornwall 
and  Devon. 

ComDnmicated  by 

GEORGE  S.  BORLASE,  Esq.  F.R.S. 


Xhe  opinion  expressed  in  a  former  communication 
to  this  Society*  that  copper  was  not  raised  to  any 
extent  within  the  county  of  Ck>rnwalU  before  the 
latter  part  of  the  sixteenth  century,  and  that  a  few 
individuals  only  were  acquainted  with  the  value  of 
copper-ore,  and  profited  by  their  knowledge,  is  roost 
probably  correct ;  but  although  there  are  not  records 
of  the  production  of  copper,  or  of  the  existence  of 
copper  mines,  yet  I  am  inclined  to  think,  from  vari- 
ous grants  for  searching  for  copper  in  the  counties 
of  Cornwall  and  Devon,  (i.  e.  within  the  Stannaries) 
which  have  not  been  noticed  by  our  historians,  that 
the  yellow  and  grey  ores  were  known  at  a  much 
earlier  period,  and  no  doubt  raised  in  small  quantities, 
either  by  separation  from  the  tin  or  from  copper- 
lodes.f 

*    Mr.  Carne  on  Copper  MineSy  Vol.  ill.  page  44. 

t    Pearce  oo  the  Stannaries  says,  ^'  the  reason  why  copper  was  so  Utile 
sought  for  in  Cornwall  was  that  the  wood  and  turf  were  required  for  tin." 
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The  earliest  grant  that  I  have  seen  was  made  in 
32nd.  Edward  III.  A.D.  1359,  to  John  Ballancer  and 
Walter  Golboter,  for  two  years,  of  all  mines  of  gold, 
silver,  and  capper,  in  the  county  of  Devon,  which 
can  be  found  in  the  mountains,  in  the  fields,  or  desert 
places;  but  not  in  gardens^  nor  under  houses :  and  in 
case  it  should  be  necessary  to  cut  down  any  trees  for 
the  working  of  the  mines^  that  they  should  pay  the 
proprietors.  And  for  the  same  mines  they  shall  pay 
to  the  King  twenty  marks  for  the  first  year,  and  for 
the  second  year  the  fifth  part  of  the  gold,  silver,  and 
capper,  that  shall  come  from  the  same  mines ;  and 
no  other  person  during  the  term  shall  be  allowed  to 
dig  for  the  same. 

Henry  YI.  by  letters  patent,  in  the  seventeenth 
year  of  his  reign,  (A.D.  1439,)  given  at  the  manor 
of  Shene,  granted  certain  mines  in  the  counties  of 
Cornwall  and  Devon,  to  John  Sollers ;  and  by  his 
letters  patent,  given  at  Westminster  in  the  thirtieth 
year  el  Us  reign,  made  a  similar  grant  to  John 
Bottright,  of  all  his  mines  of  gold,  silver,  capper, 
brass  and  lead,  and  of  all  other  minerals  in  the  said 
two  counties. 

In  the  thirty-first  year  of  the  same  reign  there 
was  another  grant  to  the  same  John  Bottright, 
Professor  of  Theology,  who  was  then  Prefect  and 
Govenunr  of  all  the  King's  mines,  giving  him  the 
exclusive  right  of  working  all  mines  in  Cornwall  and 
Devon  :*  and  in  his  thirty-fourth  year,  he  granted  to 

*    Tin  mines  always  excepted,  they  haying  been  granted  to  the  Duke  of 
Cornwall  by  Edwaid  III.    In  the  same  year  with  this  grant,  Edward,  the  son 
.  of  Henry  VI.  was  bom. 
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Alured  Coroneborough,  Comptroller  of  all  mines  in 
the  county  of  Cornwall,  the  power  to  dig  in  any 
mine  in  which  was  any  gold,  silver,  or  capper ;  or 
from  whence  any  could  be  extracted. 

In  the  second  Edward  lY.  liberty  was  given  to 
three  men  to  search  for  tin,  copper,  and  lead,  in  the 
counties  of  Somerset  and  Gloucester.  In  those 
counties  no  ores  of  tin  have  ever  been  found ;  and 
of  copper,  only  a  small  quantity  has  yet  been  dis- 
covered ;  but  unless  some  profits  had  been  reported 
to  have  been  made  by  the  lessees  of  the  Crown,  in 
the  western  counties,  it  is  not  very  probable  that 
these  adventurers  would  have  embarked  in  such  a 
speculation. 

The  preceding  grants  are  given  in  the  order  in 
which  they  are  cited  in  a  curious  case,*  tried  at  bar, 
in  the  tenth  year  of  the  reign  of  Queen  Elizabeth, 
respecting  the  right  of  the  Crown  to  all  mines  ;f  in 
which  report  it  appears  that  permission  had  been 
given  to  several  persons  to  search  for  copper  in  other 
counties,  and  grants  are  there  set  forth. 

No  account  can  be  obtained  of  the  copper  mines 
that  were  actually  worked,  (the  grant  to  John  SoUers 
being  of  certain  mines  only)  nor  of  the  quantity  or 
quality  of  the  copper  produced  in  the  two  counties ; 
but  it  is  not,  I  think,  reasonable  to  suppose  that  so 
many  letters  patent  would  have  been  solicited  unless 

*    Plowden's  Commeiitaries,  foU  page  SI 7. 

t  One  argument  used  for  the  claim  by  the  Crown  of  ^  all  mines"  was,  that 
as  it  was  entitled  to  all  gold  and  silver,  it  was  consequently  entitled  to  work 
all  veins  to  find  the  same ;  and  that  if  one  qaillful  only  of  gold  were  found,  the 
whole  mine  belonged  of  right  to  the  Crown,  as  more  gold  might  be  discorered. 
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the  grantees  had  ascertained  the  existence  of  copper- 
ore.  Whether  any,  and  what,  returns  were  made 
to  the  Crown  cannot  now  he  ascertained  from  the 
records  in  the  Exchequer,  where  diligent  search  has 
been  expressly  made ;  yet  from  the  preceding  grants 
I  venture  to  assign  the  commencement  of  the  work- 
ing of  copper  mines,  and  the  separation  of  that  ore 
from  the  tin-stuff,  to  the  reign  of  Edward  III.  as 
early  as  the  middle  of  the  fourteenth  century ;  and 
I  think  that  I  am  warranted  in  naming  that  precise 
period ;  for  had  any  previous  grants  been  in  ex- 
istence, they  would  have  been  cited  in  the  case  to 
which  I  have  alluded  in  order  to  strengthen  the 
claims  of  the  Crown. 
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^.^^  Notice  qf  the  Work  performed  hy  the  Steam- 
Engines  in  the  Mines  qf  Cornwall. 


In  the  notice  No.  4^  inserted  in  the  third  volume 
of  Transactions,  it  appeared  that  the  average  work 
performed  by  the  Steam  Engines,  employed  in  draw- 
ing water  out  of  the  mines  of  Cornwall,  in  August, 
18^7,  was  the  lifting  33,139,600  pounds,  one  foot 
high,  by  the  consumption  of  a  bushel  of  coal. 

The  following  account  for  every  month  in  the  year 
1831,  will  shew  how  greatly  these  machines  have 
been  improved,  and  their  work  consequently  en- 
creased,  since  that  period. 


No.  of  EQgineB. 

Average. 

M«ximnm« 

January 

—       50 

45,498^7 

80,088,580 

February 

—       51 

45,776^60 

75,797,535 

March 

—       50 

46,264,772 

74,007,519 

April 

—       45 

48,632,085 

76,036,153 

May 

—       49 

46,083,316 

71,052,036 

June 

—       49 

46,470,825 

76,621,016 

July 

—       55 

41,915,031 

77,343,947 

August 

—       54 

46,048,535 

72^58,254 

September 

—       58 

43,357,625 

71,087,231 

October 

—       62 

41,966,312 

72,016,126 

November 

—       60 

41,273,330 

77,282,529 

December 

62 

42,580,039 

74,646,362 

t  « 
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AnAccountof  the  Produce  of  the  Copper  Mines  of  ComwaU  in  Ore, 
Copper,  and  Money,  in  the  Year  ending  the  30th  June,  1928. 


Tons  of 
Ore. 

13,879 

10,295 

9,012 

8,067 

7,600 

4,616 

4,216 


Consolidated  Mines 
Penstrudial 
Dolcoath 
East  Crinnis 
Lanescot 

Poldice  and  Huel  Unity 
Fowey  Consols 
Huel  BuUer'&  Beauchamp  5,197 

Pembroke  4,209 
H.  Montague  &  Harmony  2,348 

Binner  Downs  3,986 

Herland  2,151 

Huel  Damsel  2,186 

Huel  Busy  3,881 

North  Roskear  3,286 

Huel  Gorland  2,870 

Huel  Towan  3,337 

Huel  Trenwith  1.427 

Tingtang  2,463 
Huel  Maiden  &  Carharrack  2,619 

Huel  Chance  Consols  2,055 

Tresavean  1  »7 14 

Huel  Tolgus  1,290 

Huel  Caroline  2,400 

Cook's  Kitchen  2,490 

Stray  Park  1,798 

United  Mines  1,384 

Huel  Hope  962 

Great  St.  George  1,624 

Carzize  952 

Crinnis  Consols  1,326 

North  Downs  970 

Huel  Chance  752 

Huel  Rodney  1,150 

Levant  581 

Huel  Charlotte  886 

United  Hills  945 

Huel  Trannack  763 

Mines  under  Fifty  Tons  9,000 

Private  Contracts  500 

130,866 


Tons  of 
Qopper. 

1,265 

650 

631 

618 

604 

381 

340 

304 

277 

273 

266 

229 

1215 

214 

213 

204 

203 

194 

194 

177 

176 

159 

156 

156 

139 

118 

111 

99 

97 

90 

89 

80 

70 

70 

58 

57 
53 
51 
641 
40 

9,961 


101,008 

48,645 

49,070 

44,180 

41,24« 

80,458 

23,494 

22,445 

20,064 

22,405 

20,486 

18,655 

17,866 

16,470 

16,226 

16,666 

16,268 

16,191 

16,071 

13,746 

13,660 

12,699 

12,980 

11,861 

10,276 

9,096 

8,646 

8,107 

6,915 

7,243 

6,380 

6,185 

6,629 

6,266 

4,496 

4,118 

3,836 

3,810 

48,145 

3,000 

769,176 


AvtFBge  Stsndard,  £  112  7«.        Average  Produce  7|. 
Average  Price  per  Ton  of  Ore,  £  5  l^. 
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An  AccowiU  of  the  Produce  of  the  Copper  Mines  ofComwaU  m  Ore, 
Copper^  md  Money,  in  the  Year  ending  the  30th  June,  1829. 


Tons  of 

Tons  of 

£ 

Ore. 

Copper. 

Consolidated  Mines 

12,676     . . 

..      1,134     . 

. . .       88,171 

Dolcoath 

8,890     . . 

720     . 

66,469 

Lanescot 

7,864     . . 

627     . 

41,499 

East  Crinnis 

7,968     . . 

667     . 

. . .       40,311 

Poldice  and  Huel  Unity 

6,289     .. 

407     . 

...       31,041 

Fowey  Consols 

4,869     . . 

378     . 

. . .       24,773 

Huel  Leisure 

2,999     .. 

360     . 

. . .       27,081 

Tresavean 

2,666     . . 

287     . 

. . .       22,690 

Binner  Downs 

4,062     .. 

279     . 

. . .       20,761 

North  Roskear 

3,8  L6     . . 

278     . 

.  . .       20,973 

Tingtang 

3,666     . . 

269     . 

20,466 

Huel  Buller 

4,469     . . 

268     . 

. . .        19,443 

Pembroke 

3,646     .. 

260     . 

18,619 

Huel  Trenwith 

2,062     . . 

236     . 

18,701 

Herland 

2,202     . . 

236     . 

18,667 

Huel  Towan 

3,784     . . 

229     . 

16,687 

Penstruthal 

4,678     . . 

227     . 

16,476 

Huel  Gorland 

2,672     . . 

184     . 

13,960 

Stray  Park 

2,384       . 

181     . 

. . .       13,736 

Huel  Damsel 

1,844     .. 

178     . 

. . .       13,969 

H.  Montague  &  Harmon} 

'   1,881     .. 

171     . 

. . .       13,291 

Huel  Caroline 

2,149     . . 

139     . 

10,316 

Huel  Tolgus 

1,293     . . 

132     . 

10,393 

Huel  Busy 

2,423     .. 

130     . 

9,261 

United  Mines 

1,482     . . 

119     , 

9,108 

Huel  Hope 

1,011     . . 

118     . 

9,445 

Levant 

860     .. 

96     . 

7,067 

Huel  Maiden  &  Carharrack  1,117     •  • 

93     . 

7,082 

Crinnis  Consols 

1,719     - . 

92     . 

6,080 

Cook's  Kitchen 

1,644     .. 

89     . 

6,419 

Great  St.  George 

1,339     .. 

83     . 

6,842 

Huel  Charles 

1,216     . . 

82     . 

6,074 

Huel  Mary 

1,314     . . 

73     . 

6,172 

North  Downs 

792     .. 

70     . 

5,442 

Huel  Trannack 

1,100     . . 

69     . 

4,871 

United  Hills 

978     .. 

69     . 

4,194 

Botallack 

600     .. 

64     . 

3,980 

Cardrew 

708     .. 

62     . 

3.M6 

Mines  under  Fifty  Tons 

8,934     . . 

662     . 

...       47,113 

Private  Contracts 

1,400     . . 
126,902 

106     . 

8,600 

1 

9,763 

726,834 

Average  Standard,  £  100  lit.        Average  Produce,  7{. 
Average  Price  per  Ton  of  Ore,  £  $  15».  6d, 
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An  AccaufU  of  the  Produce  of  ike  Copper  Mimes  of  Cornwall  tx  Ort^ 
Copper,  and  Money,  in  the  Year  ending  the  30th  June,  1830, 


Tons  of 
Ore. 

Consolidated  Mines  12,884 

Dolcoath  11,213 

Huel  Leisure  8,604 

Fowey  Consols  7,086 

North  Roskear  6,648 

East  Crinnis  7,676 

Lanescot  6,162 

Tresavean  4,694 

Poldice  and  Huel  Unity  4,726 

Binner  Downs  4,243 

Tingtang  4,310 

Pembroke  4,176 

Herland  2,202 

Huel  Towaa  3,676 

Huel  Jewel  1,640 

Huel  Buller  3,487 

Great  St.  George  1,666 

Levant  1,246 

Huel  Damsel  1,723 

Huel  Gorland  1,089 

Huel  Trenwith  1,671 

HuelTolgus  1,324 

United  Mines  1,160 

Stray  Park  1,762 

H.  Montague  &  Harmony  1,378 

PensUuthal  2,616 

Huel  Maiden  &  Carharrack  1,243 

Huel  Caroline  1,762 

Cardrew  1 ,694 

HuelTrannack  1,671 

Cook's  Kitchen  2,171 

Hue!  Hope  812 

Huel  Sperris  2,273 

United  Hills  1,269 

Huel  Charles  1,226 

Botallack  696 

Huel  Mary  Consols  849 

Huel  Cock  626 

Mines  under  Fifty  Tons  9,769 

Private  Contracts  1,760 

136,666' 


Tons  of 

Copper. 

1,208 

867 

782 

662 

660 

618 

498 

468 

386 

319 

307 

299 

243 

210 

209 

207 

196 

173 

166 

161 

149 

136 

124 

124 

121 

120 

111 

110 

107 

104 

90 

84 

84 

.    77 

72 

71 

70 

66 

638 

141 

10,890 


80,907 

64,146 

56,000 

36,696 

41,M6 

34,631 

32,648 

34,176 

28,608 

23,294 

22,321 

20,674 

18,720 

14,633 

16,858 

14,772 

14,362 

12,848 

12.471 

10,9^7 

11,174 

10,364 

9,382 

9,067 

9,013 

7,917 

8,316 

7,826 

7.668 

7,222 

6,766 

6,390 

4,963 

6,423 

6,036 

6,266 

6,030 

4,149 

46,209 

10,150 

784,000 


Average  Standard  £  106  5«.      Average  Produce  8. 
Average  Price  per  Ton  of  Ore  £  5  1&<.  6tf. 
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An,Account  of  the  Produce  of  the  Copper  Mines  rfComwaH  in  Ore^ 
Copper,  and  Monejf,  in  the  Year  ending  the  dOth  June,  183  L 


Tons  of 
Ore, 

Consolidated  Mines  14,873 

Dolcoath  11,652 

Fowey  Consols  8,345 

Tresavean  6,699 

Huel  Leisure            «  9,627 

Huel  Tolgiis  5,286 

Huel  Jewel  4,061 

North  Roskear  5,893 

East  Crinnis  6,641 

Great  St.  George  3,964 

Pembroke  4,060 

Laneseot  4,554 

Poldice  and  Huel  Unity  3,756 

Binner  Downs  4,305 

Penstruthal  5,554 

Marazion  Mines  3,338 

Herland  1,962 

Tingtang  2,767 

Huel  Towan  3,502 

Levant  1 ,290 

Stray  Park  2,344 

Huel  BuUer  2,379 

Huel  Gorland  1,745 

United  Mines  1,369 

Huel  Tren with  1 ,06 1 

Hue!  Strawberly  1,840 

Huel  Maiden  &  Carharrack  1,103 

Huel  Damsel  1,364 

Cook*s  Kitchen  2,021 

Hnel  Mary  1,385 

Huel  Caroline  1,144 

H.  Montague  &  Harmony     792 

Cardrew  946 

Mines  under  Fifty  Tons  12,780 

Private  Contracts  2,100 


146,502 


Tons  of 
Copper. 

1,384 
904 
686 
666 
652 
620 
526 
518 
481 
458 
451 
389 
354 
328 
285 
248 
225 
228 
208 
192 
164 
159 
141 
129 
121 
113 
100 
98 
98 
97 
70 
66 
64 
826 
174 

12,218 


95,666 

61,607 

43,312 

45,797 

40,433 

43,906 

38,005 

35,398 

30,017 

Sl,350 

30,883 

24,828 

24,459 

22,437 

17,161 

16,538 

16,052 

15,108 

13,104 

13,523 

10,962i 

10,458 

9,708 

8,889 

8,502 

7.287 

6,865 

6,619 

5,871 

6,323 

4,511 

4,509 

4,167 

51,835 

11,65a 

817,740 


Average  Staadard  £  99  iSs,       Average  Prodace  8f . 
Avera^  Price  per  Ton  of  Ore  £6  ll/».  6tf. 
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An  AccowU  of  the  Produce  of  the  Copper  Mimes  ofComtoaU  im  Ore, 
Copper^  and  Moneys  in  the  Year  ending  the  30th  June^  1832* 


Consolidated  Mines 

Tresav^ean 

Dolcoath 

Fowey  Consols 

North  Roskear 

Huel  Tolgus 

Huel  Leisure 

Pembroke 

Great  St.  George 

Marazion  Mines 

Huel  Jewel 

East  Crinnis 

Binner  Downs 

Lanescot 

Poldice  and  Huel  Unity 

Penstruthal 

Retallack 

Levant 

Huel  Elizabeth 

Cardrew  Consols 

United  Mines 

Herland 

HuelTowan 

Tingtang 

Huel  BuUer,  &e. 

Huel  Mary 

Stray  Park 

Huel  Strawberry 

Huel  Oorland 

Cook's  Kitchen 

Huel  Damsel 

Huel  Trenwith 

H  uel  Maiden,  &c. 

United  Hills 

Huel  Busy 

South  Towan 

South  Roskear 

Huel  Unity  Wood 

Botallack 

Mines  under  Fifty  Tons 

Private  Contracts 


Tons  of 

Tons  of 

£ 

Ore. 

Copper. 

15,623   

1,630  . . 

. .   108,886 

8.178  .... 

894  .. 

63,824 

9,682   

779  .. 

64,272 

8.099   

666  .. 

43,765 

7,419  

662  .. 

46,600 

4,930  .... 

697  .. 

43.313 

7,479   .  - . . 

504   .. 

32,227 

3,797  .... 

468  .. 

.  *       32,669 

3,a95  .... 

421   .. 

29,636 

6,408   

400  .. 

27,118 

3,701   .... 

876  .. 

26,704 

4,486   ..  . 

362  .. 

22,946 

4,326  .... 

348  .. 

24,366 

3,684  

329  . . 

22,090 

3,069  

271  .. 

18,036 

6,327  

268   .. 

16,241 

2,219  .... 

240  .. 

17,224 

1,188  

210  .. 

16,302 

2,908  

170  .. 

11,194 

2,108  

166  .. 

11,431 

1,470  .  -  . . 

160  .. 

11,600 

1,383  .... 

166   .. 

11,216 

2,431  .... 

164   .. 

10,099 

1,808  

140  .' 

9,666 

1,633  .... 

121   .. 

8.163 

1,696  

119  .. 

8,030 

1,476  

106  .. 

7,246 

1,768  .... 

106  .. 

6,923 

1,098  .... 

97  .. 

6,916 

1,833  

96  .. 

6,100 

1,089  

96  .. 

6,622 

661   .... 

85  .. 

6,240 

969  .... 

84  .. 

6,831 

870  

.73  .. 

6,088 

1,382  «... 

68  .. 

4,160 

1,187  . . .  • 

67  .. 

4,362 

696  .... 

57  .. 

4,034 

562  

66  .. 

3,967 

377  

56  .. 

3,960 

6,992  .... 

426  .. 

27,981 

1,700  .... 

161  .. 

10,200 

139,067 


12,099 


836,812 


Arer.  Stan.  £  100  14«.     Aver.  Pro.  8f .     Aver.  Price  per  Ton  of  Ore  £6. 


Copper  raised  in  Great  Britain^  Sfc.       497 


Quantity  of  Copper  produced  in  Great  Britain  and  Ireland. 


To  30lh  June, 

1828. 
Tods. 

1829. 

1830.       1831. 

1832. 

Tons. 

Tons. 

Tons. 

Tons. 

• 

Cornwall 

9961 

9763 

10890 

12218 

12099 

Devonshire 

434 

318 

368 

312 

249 

Other  parts  of  England.. 

71 

36 

10 

31 

42 

Anglesea 

738 

901 

815 

809 

852 

Other  paits  of  Wales . . . 

259 

172 

237 

123 

237 

Ireland 

706 

790 

768 

972 

974 

Isle  of  Man 



14 

9 

15 

12 

12169 

11994 

13097 

14480 

14465 

From  Foreign  Ore   

30 

124 

100, 

56 

Purchaseri  of  the  Copper-Ores  of  Great  Britain  and  Ireland. 


1888. 

1829. 

18  30. 

1831. 

1832. 

Tons. 

Tons. 

Tons. 

tons. 

Tons. 

Mines  Royal  Co 

English  Co 

Birmingham  Co 

Vivian  and  Sons 

Freeman  and  Co 

Williams,  GrenfelU&  Co. 

P.Grenfell.and  Co 

0.  Williams ' 

262 
887 
978 

1943 
736 

1546 

984 
1670 
1761 

664 

738 

225 

812 

986 

1876 

928 

787 

366 

115 

956 

1616 

2045 

510 

110 

692 

422 
546 
893 
2112 
822 

1698 

473 

1015 

1838 

2102 

320 

215 

765 

367 

629 

1003 

2869 

1129 

1515 

341 

1031 

1813 

2310 

162 

389 

213 

809 

367 

632 

743 

3065 

1087 

1520 
239 
1065 
1717 
1882 

1054 

252 

46 

852 

Crown  Co 

Daniell,  Nevill,  and  Co. 
Williams,  Foster,  &  Co. 

Shears  and  Sons 

Usborne  (Forest)  &  Co.. 

Glascott  and  Co 

G.Wildes  and  Co 

Anglesea  Co.  (smelted) 

12169 

12024 

13221 

14580 

14521  1 
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Iron,  use  of,  among  the  early  Nations  of  Europe 1 13 

—  ore,  a  large  course  of,  near  Lostwithiel 288 

Jade,  magnesian  variety  of,  at  Coverack 330 
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Kennick  Cove,  description  of  the  rocks  of 3S6 

Killas,  the  nature  of,  at  its  junction  with  granite 389 

,  the  hortes  of 441 

Kinance  Cove,  description  of  the  rocks  of 342 

L 

Lanescot  mine,  rocks  and  reins  of 285 

the  hard  slate  of,  a  felspar  rock 286 

Limestone,  the  black  lime  of  Cornwall 416 

,  at  Rock  Ferry,  near  Padstow. . .  197 

— — ,atTrerule  Foot 213 

I,  near  Yeolm  Bridge 231 

'  ,  at  P^rmiscen 256 

— — ,  of  Veryan 266 

,  at  Porthalla 324 

,  Plymouth 214 

'  ,  talcose 226 

LionesM,  the  legends  of  the,  fabulous 365 

Lizard  Point,  slate  at,  talcose — not  micaceous.. 341 

M 

Magnesian  rocks  of  Cornwall 406 

Mandehtein,  of  Sir  Humphry  Davy,  at  Port  Isaac 195 

Manganese,  mines  of,  at  Laneast  Down 232 

,  near  Indian  Queens 253 

Mawnan,  the  coarse  rocks  at, — not  greywacke 317 

Metalliferous  veins,  electro- magnetic  properties  of 21 

Aierry-meeting  stream-work,  description  of 60 

Mica'Slate,  a  variety  of,  at  St.  Breward 195 

N 

yodular  rock  on  tlie  north  coast 176,  178 

A'oiif(^c7a/t/7*e,  the  niineralogical,  of  primary  rocks  advocated  367 

O 

Ocrynian  range,  the  granite  of, — not  on  one  line. 362 

Ores  of  tin  and  copper,  the  dressing  of  in  Coruwali 145 

Organic  remains  in  Pentuan  stream-work 33 

in  Tintagel  slate 424,  474 

P 

Peat^  formation  of,  in  the  hollows  of  the  granitic  hills 171 

Pedn-due  Point,  a  fine  course  of  felspar  porphyry  at 354 

Pendelow  stream-work,  description  of 63 

Polgooth  mine,  rocks  and  veins  of 276 

Poistone,  lapis  ollaris,  at  Pollaphant 224 

Primary  rocks,  a  new  definition  of 369 

Protogine  of  Cornwall,  description  of  the 372 

Q 

Quartz  prevails  in  the  rock  at  Tresparret  Down nn 

— __ Boscastle  clifl's 190 

»■ Binner  Downs 207 
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Quartz  prevails  in  the  rocks  at  Colborn  Down 223 

-                      Bogee  and  St,  Breock  Downs  266 

— — "                             Carne  near  Veryan 266 

—  — St.  Agnes  Beacon 295 

■ Princes'  Common 304 

QuartzoM  rocks  of  Cornwall,  general  remarks  on 263 

R 

Roach,  shorl-rock  at 224 

Rocks,  blasting  of  by  gunpowder,  a  German  invention 84 

of  Cornwall,  an  attempt  to  classify  the 369 

,  on  the  structure  of  the 428 

,  curvature  of  the,  original 4;J7 

^  on  the  nature  and  origin  of  the 452 

Rogbrs,Thb  Rev.  John,  Notice  of  Wood  and  Peat  found 

below  high  water-mark,  at  Mainporth 481 

S 

Sandstone,  old  red,  of  Cawsand 216 

,  calcareous  or  shelly 259 

,  siliceous,  at  Pendowa. . . , 271 

■ ,  at  Gunwalloe 346 

■        ,  recent,  of  Cornwall,  diluvial 468 

Schistose  rocks,  of  Cornwall,  classification  of  the 393 

,  general  observations  on  the 382 

Sea  level,  changes  of,  as  indicated  by  the  beds  of  Pentuan 

stream-work 33 

Serpentine,  of  Clicker  Tor 21 1 

,  ollareous,  at  PoUaphant 224 

■        ,  at  Duporth 280 

,  at  Dranna  Point 325 

,  ofGoonhilly  Downs 334 

,  Cornish  varieties  of 410 

S^/!e,  Cornish  varieties  of •••  426 

Shorl-rock,  varieties  of,  in  the  central  district 242 

,  classification   of  the 373 

Slate,  the  dip  of,  near  Dartmoor,  and  in  Cornwall 4;) 

,  calcareous,  with  brown  stripes 266 

,  quarry  of 231 

Steatite,  indurated,  veins  of,  in  serpentine 33 1 

,  bed  of,  at  Black  Head 335 

Stratified  and  tmstratijied,  remarks  on  the  terms 431 

Stream  tin-ore,  deposits  of,  in  Cornwall 57 

,  the  large  deposits  of,  anti-diluvian ^9 

——,  diluvial  origin  of 96 

Mr.  Hbnwood's  objections  to  the  65 

Mr.  CaRNb's  reply  to  101 

Siream-work,  at  Drift  moor,  description  of 48 

,  Pentuan,  description  of 29 
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Stream-work,  Carnon,  description  of. 57 

,  Merry  Meetincr,  Roach,  descriptson  of 60 

,  Water-gate,   St.  Austle, , 62 

,  Pendelow,     , , 63 

^  Broad-water,  Luxuliian, , 64 

,  of  Roach  and  Luxuliian 24U 

,  of  the  Tregoss   Moors 248 

T 

Talc  schist,  Cornish  Tarieties  of * 4li 

Tin,  the  right  -of  preemption  of 77 

Tin-ground,  roots  of  trees  in  the 32 

Tin-ore,  like  that  of  streams,  found  in  a  vein 97 

,  dressing  of,  in  Cornwall , 146 

Tin  stream-work,  description  of. 2^ 

Tregoss  Moors,  sterility  of.  owing  to  a  bed  of  diluvium 248 

Tremeame,  granite  veins  at 353 

V 

Fa^feyy,  Cornish,  on  the  origin  of  the 433 

Veins,  the  various  theories  inadequate  to  explain  the  origin  of    26 

,  of  Cornwall,  general  remarks  on  the 43B 

,  contemporaneous  with  the  rocks 447 

,  direction  of,  often  correspond   with    the   layers  or 

laminae  of  the  rocks 448 

,  gradually  pass  into  the  adjoining  rock 442 

I near  St.  Juliot 176 

in  North  Delabole  quarry  184 

cliffs  near  Pelly   Point. .   190 

in   Polgooth  mine 276 

^in  Lanescot  mines 287 

in  Cardrew  mine 291 

W 

Water-gate  stream  -work,  description  of 62 

,  (rain)  action  of,  on  rocks 465 

Wheal  Vor,  granitic  and  schistose  rocks  of 350 

Wood  and  Peat,  below  high  water-mark  at  Mainporth, 481 

Y 

Yeolm  Bridge,  calc-schist  and  lifnestone  near 231 
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